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PREFACE 

The  research  described,  herein  was  conducted  at  the  U.  S.  Army- 
Engineer  Waterways  Experiment  Station  (WES)  with  funding  by  the  U.  S. 

Army  Engineer  District,  Kansas  City,  of  the  Missouri  River  Division. 

This  research  study  was  performed  during  the  period  197I+-1976 
under  the  direction  of  Messrs.  H.  B.  Simmons,  Chief  of  the  Hydraulics 
Laboratory;  F.  A.  Herrmann,  Assistant  Chief  of  the  Hydraulics  Laboratory; 
E.  B.  Pickett,  Chief  of  the  Hydraulic  Analysis  Division;  and  B.  J.  Brown, 
Chief  of  the  Analysis  Branch.  Mr.  Maurice  James  conducted  the  research 
and  prepared  this  report.  Mr.  Martin  Hebler  operated  the  test  equipment 
and  obtained  the  basic  data. 

Directors  of  WES  during  the  course  of  this  study  and  the  prepara- 
tion and  publication  of  this  report  were  COL  G.  H.  Hilt,  CE,  and 
COL  John  L.  Cannon,  CE.  Technical  Director  was  Mr.  F.  R.  Brown. 
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CONVERSION  FACTORS,  U.  S.  CUSTOMARY  TO  METRIC  (Si) 
UNITS  OF  MEASUREMENT 


U.  S.  customary  units  of  measurement  used  in 
verted  to  metric  (SI)  units  as  follows: 


this  report  can  be  con- 


Multiply 


inches 

feet 

square  feet 

pounds  (force  per  square 
inch 

feet  per  second 
square  feet  per  second 
cubic  feet  per  second 
feet  per  second  per  second 

degrees  (angle) 

Fahrenheit  degrees 


-SL 


25.  4 
0.3048 
0.09290304 
6894.757 

0.3048 

0.09290304 

0.02831685 

0.3048 

0.01745329 

5/9 


To  Obtain 

millimetres 

metres 

square  metres 
pascals 

metres  per  second 

square  metres  per  second 

cubic  metres  per  second 

metres  per  second  per 
second 

radians 

Celsius  degrees  or  Kelvins* 


i 


* To  obtain  Celsius  (C)  temperature  readings  from  Fahrenheit  (F)  read- 
ings, use  the  following  formula:  C = (5/9)(F  - 32).  To  obtain  Kelvin 


(K)  readings,  use:  K = (5/9)(F  - 32)  + 273.15. 
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GEOMETRIC  PARAMETERS  THAT  INFLUENCE  FLOODPLAIN  FLOW 
PART  I : INTRODUCTION 

1.  Prediction  of  the  stage-discharge  relation  for  overbank  flow 

in  a flooded  river  or  channel  that  has  a wide  floodplain  has  been  con- 

1 2 3 1* 

sidered  by  several  investigators,  * ’ ’ but  no  standard  prediction 
method  has  resulted.  These  investigations  have  revealed  that  the  basic 
Manning  or  Chezy  equations  do  not  account  for  all  the  significant  param- 
eters which  influence  the  flow.  If  the  floodplain-channel  system  is 
considered  as  a single  channel  (i.e.,  the  hydraulic  radius  is  computed 
from  the  total  flow  cross-sectional  area  divided  by  the  total  wetted 
perimeter),  the  flow  depth  for  a given  discharge  will  be  significantly 
overestimated  or  in  the  case  of  a known  depth  the  discharge  will  be 
underestimated.  This  error  is  due  in  part  to  the  relatively  large 
increase  in  wetted  perimeter  with  respect  to  the  increase  in  cross- 
sectional  area  of  shallow  depths  on  the  floodplain  resulting  in  a 
significant  decrease  in  the  hydraulic  radius.  Consequently,  assuming 
the  roughness  coefficient  remains  constant  with  stage,  the  stage- 
discharge  curve  will  have  a discontinuity  at  a stage  just  above  bank- 
full.  A common  method  used  to  overcome  this  discontinuity  in  the  stage- 
discharge  curve  has  been  to  treat  the  channel  and  floodplain  as 
separate  channels.  Furthermore,  this  method  provides  a convenient 
way  of  taking  into  account  the  different  roughness  coefficients  usually 
found  on  the  wetted  perimeters  of  the  main  channel  and  floodplain. 

However,  investigations  have  shown  that  an  interaction  or  "momentum 

,2  3 h 

transfer"  * ’ occurs  between  the  floodplain  and  channel  flow  masses; 
therefore,  the  resulting  stage-discharge  curve  will  underestimate  the 
depth  or  if  depth  is  assumed,  overestimate  the  discharge. 

2.  The  basic  equations  used  in  open-channel  flow  computations 

are: 

Manning's  equation:  Q = AR^^S^^  (l) 
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Chezy 's  equation: 


Q = CA-^RS 


(2) 


Darcy's  equation: 


Q = RS 


where 

Q = the  discharge,  cfs* 
n = the  Manning  resistance  coefficient 

2 

A = the  cross-sectional  area  of  flow,  ft 
R = the  hydraulic  radius , ft 
S = the  friction  slope 
C = the  Chezy  resistance  coefficient 
g = acceleration  due  to  gravity 
f = the  Darcy  resistance  factor 

The  Manning  n and  Chezy  C are  determined  hy  observations  of  various 
channel  roughness  materials  and  are  tabulated  for  the  designer  in  hand- 
books. The  Darcy  f is  determined  by  the  Colebrook-White  equation'’ 


= -2  log 


10  14.83R 


where 


kg  = Nikuradse's  equivalent  sand-grain  roughness,  ft 

R = the  Reynolds  number  or  4QR/Av 

e 2 
v = kinematic  viscosity,  ft  /sec 


Characteristics  of  the  Hydraulic  Radius 


3.  Some  investigators  contend  that  the  hydraulic  radius 

(cross-sectional  area  divided  by  the  wetted  perimeter)  does  not  properly 
define  the  effect  of  the  channel  cross-sectional  shape  on  the  discharge. 
This  is  especially  apparent  in  a composite  floodplain-channel  system. 


* A table  of  factors  for  converting  U.  S.  customary  units  of  measure- 
ment to  metric  (Si)  units  is  presented  on  page  3. 
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In  the  basic  equations,  the  assumption  is  made  that  the  shear  stress 
along  the  wetted  perimeter  is  uniformly  distributed  and  that  each  ele- 
ment of  the  perimeter  uniformly  influences  the  flow.  Obviously,  the 
perimeter  of  the  floodplain  can  only  influence  the  floodplain  flow.  If 
the  composite  system  is  treated  as  one  channel  (the  total  area  divided 
by  the  total  wetted  perimeter),  the  hydraulic  radius  plotted  against 
stage  will  have  one  value  at  the  main  channel  bank-full  stage  and  it 
will  shift  to  lower  values  at  the  lower  overbank  stages.  The  magnitude 
of  shift  depends  upon  the  ratio  of  floodplain  width  to  main-channel 
width  (the  greater  the  ratio,  the  greater  the  shift).  Therefore,  the 
shift  may  be  of  such  magnitude  to  cause  an  apparent  decrease  in  the 
computed  discharge  using  one  of  the  basic  equations  (assuming  resistance 
coefficient  is  constant  with  stage  and  equal  on  both  channel  and  flood- 

plain  wetted  perimeter).  This  condition  does  not  occur  in  an  actual 

It  8 n 

channel-floodplain  system.  ’ The  common  solution  offered  to  this 
problem  is  to  treat  the  floodplain  and  channel  as  two  separate  channels 
in  the  basic  equations;  however,  this  technique  neglects  the  inter- 
action between  the  floodplain  and  the  channel.  The  interaction  or 

2 3k 

momentum  transfer  has  been  observed  to  be  significant.  ’ * Conse- 
quently, this  method  will  not  account  for  the  total  energy  loss  of  the 
composite  system  and  thus  the  computed  discharge  will  be  excessive. 

Meandering  Channel  in  a Straight  Floodplain 

4.  The  basic  equations  given  previously  are  founded  on  the 
assumption  of  a straight  prismatic  channel.  Any  additional  energy 
losses  due  to  bends  or  meandering  must  be  included  through  empirical 
means  by  adjusting  some  factor  of  the  equations.  The  accepted  proce- 
dure is  to  adjust  the  resistance  factor  (the  Manning  n , Chezy  C , or 
Darcy  f)  based  on  certain  parameters  that  define  the  bend  or  meander 
geometry.  The  amount  of  adjustment  is  determined  by  experimental  means. 

However,  for  the  case  of  a meandering  channel  in  a straight  floodplain 

Q 10 

1 ^ mroi  1 a ^ o v>n  1 ■?  mi  + in  pui/ino  a n/"\4" 


the  available  experimental  data' 


are  limited  in  scope  and  do  not 


provide  sufficient  guidance  for  those  situations  that  most  frequently 
occur  in  nature. 
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5.  This  laboratory  investigation  consisted  of  three  basic  parts. 


The  first  objective  of  the  study  was  to  establish  the  stage-discharge 
relation  for  various  channel-floodplain  configurations  and,  if  possible, 
formulate  a computational  procedure  from  these  data  to  account  for  the 
apparent  interactive  mechanism  between  the  channel  and  floodplain  flow. 
The  second  objective  was  to  determine  what  parameter(s)  would  describe 
the  increase  in  flow  resistance  that  occurs  when  a channel  crosses  or 
meanders  in  a floodplain.  Finally,  a configuration  in  which  the 


channel  meanders  outside  or  separates  from  the  floodplain  and  returns 
was  investigated  for  general  flow  characteristics. 


PART  II:  EXPERIMENTAL  APPARATUS 


. 


L 


: 


The  Flume 


6.  The  laboratory  tests  were  conducted  in  a tilting  flume,  88  ft 
long,  5 ft  wide,  and  1-1/2  ft  deep.  The  flume,  constructed  with  3/4-in. 
plastic-coated  plywood,  was  mounted  on  two  l8-in.  steel  channel  beams. 
The  water  supply  for  the  flume  consisted  of  a closed  loop  system  that 
had  a maximum  pumping  capacity  of  4 cfs.  The  flume  bottom  slope  could 
be  adjusted  to  any  position  between  zero  and  0.02.  Channel  configura- 
tions were  molded  in  a sand-cement  mixture  consisting  of  nine  parts 
sand  and  one  part  cement. 

Channel  Geometry 

7.  Two  basic  configurations  were  tested  in  considering  the  inter- 
active mechanism  between  the  floodplain  and  channel  flow.  First,  a 
straight  trapezoidal  channel  with  a symmetric  floodplain  was  tested  for 
three  different  floodplain  widths.  The  ratio  of  the  floodplain  bottom 
width  to  the  main  channel  top  width  was  used  to  distinguish  between 
configurations  and  was  termed  aspect  ratio  (a).  Secondly,  a straight 
trapezoidal  channel  with  the  floodplain  on  one  side  (an  asymmetric 
floodplain)  was  tested  for  three  different  floodplain  widths.  Figures  1 
and  2 illustrate  the  channel  cross  section  of  these  configurations.  An 
additional  symmetrical  floodplain  configuration  with  a larger  trape- 
zoidal channel  (Figure  1,  Test  12)  was  also  tested  to  ascertain  any 
scale  effects.  The  meandering  channel  configurations  included  three 
separate  tests  of  single  crossovers  of  three  different  lengths,  a test 
of  three  consecutive  crossovers,  and  a test  of  two  consecutive  cross- 
overs that  extended  outside  the  floodplain.  Figures  3,  4,  and  5 illus- 
trate these  configurations.  No.  8 crushed  gravel  (l/8-in.  diameter) 
was  attached  to  the  floodplain  in  some  configurations  to  observe  the 
flow  characteristics  for  the  condition  where  the  channel-floodplain 
wetted  perimeter  materials  were  distinctly  different  (floodplain  rougher 
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J 
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than  main  channel).  The  following  tabulation  summarizes  the  test 
schedule. 


Channel 

Floodplain 

Base 

Base 

Longitudinal 

Width 

Depth 

Side 

Longitudinal 

Width 

Depth 

Side 

Aspect 

Figure 

No. 

Geometry 

in. 

in. 

Slope 

Geometry 

in. 

in. 

Slope 

Ratio 

No. 

i 

Prismatic 

2 

1V:1H 

Prismatic  and 

45 

2 

1V:1H 

4.091 

1 

symmetric 

2 

Prismatic 

Prismatic  and 

29 

3 

1V:1H 

2.636 

1 

symmetric 

3 

Prismatic 

Prismatic  and 

15 

2 

IV: 

:1H 

1.364 

1 

symmetric 

4 

Prismatic  and 

(No  floodplain) 

— 

— 

— 

0.000 

1 

trapezoidal 

5 

Prismatic  and 

Prismatic  and 

7.5 

2 

IV: 

1H 

0.682 

2 

trapezoidal 

asymmetric 

6 

Prismatic  and 

Prismatic  and 

14.5 

1.318 

2 

trapezoidal 

asymmetric 

7 

Prismatic  and 

Prismatic  and 

22.5 

2.045 

2 

trapezoidal 

asymmetric 

8 

Meandering  20-ft 

Prismatic 

45 

4.091 

3 

crossover 

9 

Meandering  10-ft 

Prismatic 

45 

4.091 

3 

crossover 

10 

Meandering  30-ft 

Prismatic 

45 

4.091 

3 

crossover 

11 

Meandering  three 

Prismatic 

45 

4.091 

U 

10-ft  crossovers 

12 

Prismatic 

9-55 

2.73 

Prismatic  and 

39-54 

2.73 

2.636 

1 

symmetric 

13 

Prismatic 

9-55 

2.73 

Prismatic  w/ 

39-54 

2.73 

2.636 

1 

No'.  8 gravel 

14 

Meandering  two 

6 

2 

Prismatic 

30* 

2 

1V:1.75H 

2.000 

5 

10-ft  crossovers. 
Channel  outside 
floodplain 


* Total  width,  i.e.,  includes  top  width  of  channel. 

Instrumentation 

8.  The  discharge  was  measured  by  venturi  meters  of  6 by  3 in. 
and  3 by  1-1/2  in.  Each  venturi  meter  was  calibrated  to  an  error  of  2 
percent  or  less.  Water-surface  elevations  were  measured  by  standard 
point  gages  accurate  to  ^0.001  ft.  The  point  gages  were  mounted  on  a 
carriage  which  traveled  along  the  flume  on  a rail  system.  The  rails 
were  leveled  to  a still  pool  with  a maximum  deviation  from  the  mean  of 
+0.003  ft. 


9.  Velocities  were  measured  by  a 1/8-in. -diam  pitot  tube  con- 
nected to  a +0.1-psid  pressure  transducer.  The  pressure  transducer  was 
calibrated  to  an  error  of  +0.001  in.  of  water  with  a static  differential. 
The  pitot  tube  coefficient  by  previous  investigations  was  found  to  be 


very  near  1;  therefore,  a value  of  1 was  assumed.  A pressure  transducer 
indicator  was  used  and  no  way  of  damping  the  pressure  fluctuations  was 
allowed;  therefore,  the  mean  value  of  the  meter  reading  was  determined 
by  balancing  the  fluctuations  about  the  zero  null  point. 

10.  Surface  current  patterns  on  meandering  configurations  were 
recorded  by  time-lapse  photography.  Two  techniques  were  used.  One 
method  consisted  of  a half-second  exposure  of  the  configuration  with 
scattered  1/2-in. -square  confetti  carried  through  the  area,  thus  yield- 
ing velocity  vectors.  The  second  method  used  a continuous  exposure  with 
a strobe  operating  every  half  second  as  confetti  passed  through  the 
area,  thus  yielding  surface  streamlines  containing  velocity  vectors. 


PART  III:  TESTING  PROCEDURES 


Stage-Discharge  Measurements 


11.  The  mean  channel  flow  depth  for  a known  discharge  was  deter- 
mined by  measuring  the  channel  bottom  elevations  and  water-surface  ele- 
vations at  5-ft  intervals  along  the  length  of  the  flume.  The  mean  depth 
was  assumed  to  be  the  difference  between  the  mean  bottom  and  mean  sur- 
face elevations  in  the  reach  in  which  uniform  flow  was  apparent.  Ten  to 
eighteen  discharge  values  were  used  to  establish  each  stage-discharge 
curve. 

12.  The  stage-discharge  relation  was  determined  for  each  configu- 
ration defined  in  paragraph  7 for  bottom  slopes  of  0.001,  0.002,  and 
0.003  ft/ft  (see  Appendix  A). 


Measurement  of  Velocities 


13.  Vertical  velocity  profiles  were  obtained  at  several  critical 

locations  across  the  flow  cross  section  for  purposes  of  showing  flow 
distribution.  These  data  were  taken  for  each  prismatic  channel- 
floodplain  configuration  (both  symmetric  and  asymmetric)  at  three  dif- 
ferent stages  for  each  of  the  three  slopes  tested  except  for  configura- 
tion 12  where  velocities  were  measured  only  at  one  slope  (0.001).  The 
three  stages  were:  flow  within  the  channel  (bank-full),  floodplain  flow 

depth  less  than  40  percent  of  the  bank-full  depth,  and  floodplain  flow 
depth  greater  than  U0  percent  of  the  bank-full  depth  (see  Appendix  B). 

14.  The  flume  slope  was  set  at  0.001  for  the  meandering  configu- 
rations, and  vertical  velocity  profiles  across  the  flow  section  were 
obtained  at  several  stations  along  the  crossovers  for  in-channel  and 
overbank  flow  conditions.  Sufficient  velocity  profiles  were  taken  to 
indicate  the  general  flow  distribution  through  a meandering 
configuration. 


PART  IV:  RESULTS 

Stage-Discharge  Curves 

15.  Since  flow  profile  measurements  indicated  that  near-uniform 
flow  occurred  in  the  middle  Uo  ft  of  the  flume  (sta  20  to  60),  this 
reach  was  designated  as  the  test  section.  The  average'  flow  depth  within 
the  test  section  for  each  discharge  was  determined  from  the  difference 
in  the  mean  elevation  of  the  bottom  elevation  measurements  and  the  mean 
elevation  of  the  water-surface  measurements.  Plots  of  flow  depth  versus 
discharge  for  all  configurations  tested  are  presented  in  Plates  1-5. 

Small  standing  waves  and  local  variations  in  water-surface  elevations 
were  observed  in  some  configurations . The  meandering  channels  at 
steeper  slopes  exhibited  the  most  local  variations. 

Computation  of  Resistance  Coefficients 

16.  The  three  resistance  coefficients  (n,  C,  and  f)  for  each 
point  on  the  stage-discharge  curve  were  computed  by  two  basic  approaches. 
First,  the  floodplain  and  channel  were  considered  as  a single  channel 
and  thus  the  hydraulic  radius  used  in  Equation  1,  2,  or  3 to  compute 
the  respective  coefficients  was  the  total  cross-sectional  area  divided 
by  the  total  wetted  perimeter.  Results  from  the  computations  for 
Manning's  n are  presented  in  Plates  6-10  (and  Tables  Al-All*  of  Appendix 
A) . Data  indicate  that  the  n value  at  just  over  bank-full  flow 
decreased  suddenly  to  some  minimum  value  and  then  increased  with  depth, 
approaching  a constant  value  which  was  very  near  or  slightly  greater 
than  the  below  bank- full  value.  The  Chezy  C and  Darcy  f resistance 
c jefficients  (also  tabulated  in  Appendix  A,  Tables  Al-AlU)  have  similar 
discontinuities . 

IT.  The  second  method  of  computing  resistance  coefficients  was 
the  "separate"  channels  approach.  Resistance  coefficients  for  the 
floodplain  and  the  channel  were  assumed  to  be  equal  since  both  were 
constructed  of  like  material.  Manning's  n was  computed  by  Equation  5- 

lit 


n = + ACHRCH  j S1^2 


where 


Aj,  = cross-sectional  area  of  the  floodplain 
Ftp  = hydraulic  radius  of  the  floodplain 
= cross-sectional  area  of  the  channel 
^CH  = hydraulic  radius  of  the  channel 


Dividing  lines  were  assumed  to  be  a vertical  line  at  the  intersections 
of  the  channel  and  floodplain  boundaries,  and  only  the  actual  boundaries 
in  the  respective  areas  were  considered  as  wetted  perimeter.  Plots  of 
Manning’s  n computed  by  this  method  are  presented  in  Plate  11  (see 
Tables  A15-A20  in  Appendix  A).  These  data  indicate  an  increase  in  the 
n value  with  increasing  floodplain  depth  to  some  maximum;  in  some  cases 
the  n value  held  constant,  while  in  other  cases  it  decreased  slightly 
at  the  higher  depths.  However,  the  n value  was  always  greater  for 
floodplain  flow  stages  than  for  in-channel  stages. 

18.  Figure  6 shows  the  variation  of  the  Manning  n value  for 
flows  within  the  channel  for  the  different  configurations.  Some  of 
these  variations  in  channel  roughness  may  have  been  due  to  the  varia- 
tions in  the  surface  finish  obtained  by  the  various  concrete  finishers 
that  worked  on  the  project.  Some  increases  in  the  Manning  n value 
below  bank-full  stage  were  due  to  bend  losses  in  the  meandering 
configurations . 

19-  All  resistance  coefficients  showed  some  variation  with  slope. 
Figure  6 illustrates  the  n value  variation  for  slopes  0.001,  0.002, 
and  0.003  of  each  configuration  tested.  The  flow  resistance  increased 
as  the  bottom  slope  increased,  and  the  increase  was  nonlinear  since  a 
smaller  increase  usually  occurred  between  slopes  0.002  and  0.003  than 
between  slopes  0.001  and  0.002. 

20.  Test  data  on  the  configurations  that  had  the  No.  8 gravel  on 
the  floodplain  to  increase  the  roughness  showed  an  increase  in  the 
Manning  n for  flow  depths  greater  than  bank- full  (Plate  10).  The 
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Figure  6.  Average  Manning's  n for  below  bank- full  flow 


same  shift  was  noted  in  the  crossover  configuration  with  the  10-ft 
crossover  causing  the  greatest  shift  (Plates  8 and  9). 


Velocity  Profiles 


21.  The  velocity  measurements  (see  data  in  Appendix  B)  were  inte- 
grated across  their  respective  cross  sections  using  the  trapezoidal 
method  to  obtain  a comparison  with  the  venturi-measured  discharges  in 
Table  1 and  in  most  tests  the  difference  is  less  than  5 percent. 

22.  The  average  velocity  was  determined  for  each  vertical  veloc- 
ity profile  and  normalized  by  dividing  by  the  cross-sectional  average 
velocity  (measured  discharge  divided  by  the  total  area).  This  velocity 
ratio  versus  the  normalized  range  (distance  from  left  bank,  facing  down- 
stream, divided  by  the  total  top  width  of  the  flow)  was  plotted  on  the 
same  graph  as  a depth  ratio  versus  normalized  range  (Plates  12-26). 

These  two  plots  demonstrated  significant  similarity  in  shape  but  attempts 
to  correlate  the  two  were  futile. 
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23.  The  horizontal,  mean  velocity  profiles  are  superimposed  over 
a plan  view  of  crossover  lengths  of  10  and  20  ft  in  Plates  27  and  28. 
These  plots  illustrate  the  distortion  of  the  velocity  in  the  horizontal 
direction  caused  by  the  meandering  channel.  The  horizontal  velocity 
profile  returned  to  its  normal  shape  for  a prismatic  channel  approxi- 
mately 5 ft  downstream  of  the  crossover.  The  velocity  vectors  shown  in 
Plates  27  and  28  are  those  components  parallel  to  the  floodplain  side- 
walls,  although  some  of  the  flow  in  the  channel  was  parallel  with  the 
angled  channel  walls.  This  implies  that  lateral  flows  existed  and  flow 
was  exchanged  between  the  channel  and  floodplain.  The  exchange  of  flow 
between  the  floodplain  and  channel  is  indicated  in  surface  streamlines 
shown  in  Photo  1.  The  streamlines  (traces)  converged  on  a single  line 
that  was  approximately  tangent  to  the  inside  of  both  channel  bends  and 
apparently  was  a vortex  shear  line.  Photos  2-4  show  the  surface  current 
pattern  for  meandering  channels.  Photos  1-4  illustrate  the  transverse 
currents  and  the  increasing  velocity  on  the  diverging  side  and  decreas- 
ing velocity  on  the  converging  side  of  the  floodplain. 

Meandering  Channel  with  Channel  Separating 
from  the  Floodplain 

2b.  During  testing  of  the  channel  separation  configuration 
(Test  l4),  significant  deposition  was  observed  in  several  critical  loca- 
tions. Sand,  coal,  and  plastic  materials  were  injected  into  the  system 
approximately  20  ft  upstream  from  the  beginning  of  the  meander.  For 
discharge  within  the  channel  and  after  approximately  two  hours  of 
operation,  sediment  deposition  of  coal  and  plastic  occurred  inside  the 
exit  of  the  high-flow  drop  structure  (see  Figure  5)  and  a sandbar 
formed  in  the  channel  just  outside  the  structure.  Photo  5 shows  this 
deposition  area.  Deposition  occurred  during  floodplain  flow  within 
the  channel  near  the  separation  point  and  just  before  the  channel  re- 
entered the  floodplain  (Photos  6 and  7);  deposition  also  occurred  in 
the  high-flow  drop  structure  (Photo  8). 
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PART  V:  ANALYSIS  AND  DISCUSSION 


Interaction  of  Channel  and  Floodplain  Flows 
in  a Prismatic  System 

25*  The  Manning  n computed  by  the  single-channel  method  demon- 
strated an  apparent  decrease  in  value  at  just  over  bank-full  stage  and 
increased  to  near  the  below  bank-full  value  at  a flow  depth  where  the 
floodplain  depth  is  approximately  40  percent  of  the  main  channel  bank- 
full  depth.  Since  the  stage-discharge  plots  are  continuous,  the  ap- 
parent reduction  in  Manning's  n appears  to  be  a compensation  for  the 
sudden  decrease  in  hydraulic  radius.  The  Manning  n value  was  normal- 
ized for  each  configuration  by  dividing  by  the  n value  at  the  main 
channel  bank-full  flow  (rig).  When  this  n-ratio  (n/rig)  was  plotted 
against  the  aspect  ratio  (a)  with  the  depth  held  constant,  the  shift 
appeared  to  be  a function  of  aspect  ratio  and  slope.  Figure  7 shows 
a sample  plot  of  n/rig  versus  aspect  ratio  for  depth  ratios  (maximum 
flow  depth  divided  by  main  channel  bank- full  depth)  of  1.1  and  1.4. 
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Curve-fitting  techniques  were  applied  to  these  plots,  and  an  equation 
n/rig  = act  was  found  to  give  the  best  fit  at  lower  depths  (Y/D  = 1.1) 
by  the  least-squares  technique.  The  effect  of  slope  was  neglected  since 
it  was  much  less  than  the  effect  of  aspect  ratio.  There  was  more 
scatter  of  data  at  higher  flow  depths  but  less  shift  was  noted.  Conse- 
quently, in  order  to  maintain  a uniform  set  of  curves,  all  curves  were 
fit  to  the  data  with  an  equation  of  the  above  form.  Figure  8 shows  the 
resulting  set  of  curves. 
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Figure  8.  Correction  factors  for  flood  flow  in 
prismatic  channel-floodplain  systems 

26.  The  data  used  to  develop  the  curves  in  Figure  8 could  have 
been  used  to  determine  some  simple  correction  factor  (0)  to  the 
Manning  equation. 
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or  the  correction  could  have  "been  applied  to  the  hydraulic  radius  and 


thus  yield  an  effective  hydraulic  radius,  R 


eff 


However,  the  two 


approaches  are  related  in  the  following  manner 
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Application  of  correction  factors  presented  in  Figure  8 has  been  termed 
the  "modified"  single-channel  method.  A comparison  of  the  two  theoreti- 
cal methods  (single  channel  and  separate  channel)  and  the  "modified" 
single-channel  method  developed  from  the  data  is  shown  in  Figure  9. 


Figure  9.  Comparison  of  measured  data  and  theoretical  methods 


2?.  The  resistance  coefficients  for  the  Chezy  and  Darcy  equations 
were  also  computed  and  are  tabulated  in  Tables  A1-A10,  Appendix  A. 

Since  the  Chezy  C is  related  to  the  Manning  n through  the  hydraulic 
radius. 
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A similar  set  of  curves  could  "be  developed  for  the  Chezy  equation  from 
the  following  relation 


When  used  in  the  Colehrook- White  equation  the  Darcy  f yielded  a nega- 
tive relative  roughness  (equivalent  sand  roughness)  for  some  depths 
of  floodplain  flow.  An  attempt  was  made  (using  the  Coletrook-White 
equation)  to  determine  a hydraulic  radius  that  would  properly  define 
the  flow  conditions  and  yield  the  Darcy  f ; hut  the  solution  of  the 
resulting  equation  was  not  pratical,  i.e.  , multiple  solutions  could  he 
obtained  within  the  range  of  consideration. 

28.  Application  of  the  modified  single-channel  method  to  a 
channel-floodplain  system  where  sections  of  the  wetted  perimeter  have 
different  roughness  coefficients  presents  an  even  more  difficult  prob- 
lem. It  would  appear  that  the  correction  factors  from  Figure  8 could 
be  applied  to  the  composite  roughness  coefficient  as  calculated  by  one 
of  several  formulas  found  in  the  literature.  A study  at  WEC'’  indicated 
that  the  U.  S.  Army  Engineer  District,  Los  Angeles  (LAD),  formula 
provided  a reasonable  estimate  of  the  composite  roughness  coefficient 
for  a rectangular  channel  with  side  roughness  different  from  the  bottom 
roughness.  To  test  this  assumption.  Test  13  was  conducted  to  provide 
data  for  comparison.  No.  8 crushed  limestone  (l/8-in.  diameter)  was 
glued  to  the  floodplain  of  the  larger  trapezoidal  channel  symmetrical 
floodplain  configuration  and  the  stage-discharge  data  were  obtained. 

The  n value  of  the  1/8-in.  stone  was  obtained  from  Reference  5 to  use 
in  the  LAD  formula  to  compute  the  composite  n value.  The  correction 
factor  was  obtained  from  Figure  8 and  the  discharge  computed  as  per  the 
suggested  modified  single-channel  method.  A comparison  between  the  com- 
puted discharge  and  Test  lit  data  is  shown  in  Plate  29-  The  discharge 
was  also  computed  by  the  separate-channels  method  and  plotted  in 
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Plate  29.  The  modified  single-channel  method  with  the  LAD  formula 
appeared  to  predict  the  discharge-stage  relationship  more  closely  than 
the  separate-channels  method. 

Velocity  Profiles  in  the  Prismatic  Channel  Systems 

29-  The  velocity  ratio  plotted  against  the  range  ratio 
(Plates  12-26)  demonstrated  similarity  to  the  depth  ratio  plotted 
against  range  ratio.  However,  the  differences  were  not  constant,  and 
no  correlation  could  he  found  between  the  geometric  and/or  hydraulic 
parameters.  The  retarded  velocity  ratio  (v/v)  at  the  center  line  of 
the  main  channel  was  assumed  to  be  a result  of  secondary  currents 
(Plates  13-26).  The  vortex  columns  photographed  by  Sellin  could  be 
observed  in  the  channel  by  spreading  confetti  over  the  flow  surface. 

The  transverse  and  secondary  flows  induced  by  these  vortices  could  not 
be  detected  by  the  method  used  to  measure  velocity.  Secondary  currents 
such  as  these  could  have  produced  the  net  retardation  in  center-line 
velocity  shown  in  Plates  13-2 6. 

Meandering  Channel  That  Separated  from  the  Floodplain 

30.  When  the  channel  separated  from  the  floodplain,  the  total 
cross-sectional  area  was  increased.  If  a constant  energy  level  is 
maintained,  the  depth  of  flow  must  increase  in  the  separated  reach. 

Plate  30  is  a plot  of  measured  longitudinal  water-surface  elevations 
compared  with  the  theoretical  increase  in  elevation  through  the  sepa- 
rated reach. 

31.  The  increase  in  area  apparently  nullified  the  energy  losses 
through  the  separated  reach  since  the  Manning  n value  at  a depth  ratio 
of  l.U  was  0.0103  to  0.0109  which  compares  with  0.0117  to  0.123  for  a 
single  10- ft  crossover  that  did  not  separate  from  the  floodplain. 
Generally,  no  significant  shift  in  resistance  factors  could  be  attrib- 
uted to  the  separation. 

32.  Sediment  deposition  at  several  locations  in  this  channel 


an 
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system  during  flood- flow  conditions  (see  paragraph  2k)  indicated  a pos- 
sible need  for  dredging  after  recession  of  flood  flow.  Also,  the  high- 
flow  drop  structure  appeared  to  trap  deposition  and  therefore  became 


ineffective  as  an  energy  dissipator. 


PART  VI:  CONCLUSIONS 


I 


Floy  Resistance  in  Prismatic  Channel-Floodplain 
Configuration 

33.  The  Manning  or  Chezy  equations  (Equations  1 and  2)  do  not 

accurately  predict  the  stage-discharge  relation  in  a channel-floodplain 

conf iguration  for  shallow  depths  on  the  floodplain  (l.O  < Y/D  < 1.4) 

without  adjustments  to  either  the  resistance  coefficient  or  the  hydraulic 

radius.  Experimental  data  indicated  that  empirical  relations  can  he 

developed  to  correct  the  basic  equations  and  that  these  relations  were 

functions  of  the  aspect  ratio  (W„/WntI),  depth  ratio  (Y/D),  and  to  a 

r un 

smaller  extent  the  bottom  slope  (Figure  8).  Whether  the  floodplain 
was  symmetric  or  asymmetric  seemed  to  have  little  effect  upon  the 
correction  factors.  The  data  also  indicated  that  for  a composite  cross 
section  (floodplain  and  channel  roughness  different),  the  empirical 
correction  factors  could  be  applied  to  the  effective  resistance  co- 
efficient computed  by  the  SPL  formula.  The  discharge  is  computed  as  per 
the  single-channel  concept  with  accuracy  exceeding  the  method  where  the 
channel  and  floodplain  are  separated  (Plate  29).  Furthermore,  the 
effects  of  geometry  seem  to  disappear  at  the  higher  stages,  i.e.,  for 
Y/D  > 1.4,  it  no  longer  became  necessary  to  make  any  correction  to  the 
basic  equations. 

Transverse  Velocity  Profiles  in  Prismatic  Configurations 

34.  Normalized  velocity  profiles  showed  remarkable  similarity  in 
shape  to  the  normalized  cross  sections  (Plates  12-26),  but  no  cor- 
relation could  be  determined  between  the  geometric  and/or  hydraulic 
parameters.  Additional  study  may  be  warranted  in  this  area. 

Flow  Resistance  in  Meandering  Channels 

35*  The  resistance  factor  increased  as  the  crossover  or  meander 
length  decreased  for  both  in-channel  and  overbank  flood- flow  conditions. 

24 


Three  consecutive  crossovers  increased  resistance  to  flow  by  a factor 
of  less  than  3.  No  additional  increase  in  resistance  factors  was 
observed  in  the  configuration  with  the  channel  separating  from  the  flood- 
plain. 


Velocity  Profiles  in  Meandering  Channels 

\ 

36.  Normalized  velocity  profiles  of  floodplain  flow  were  highly 
distorted  by  a meandering  channel'-..  Velocities  accelerated  in  diverging 
floodplain  areas  and  decelerated  in  converging  floodplain  areas.  Sur- 
face currents  indicated  flow  was  exchanged  between  floodplain  and 
channels.  When  the  channel  separated  from  the  floodplain,  the  highest 
floodplain  velocities  were  on  the  side  closer  to  the  channel.  Signifi- 
cant deposition  may  occur  in  configurations  in  which  the  channel 
separates  from  the  floodplain. 
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Table  1 


Discharge  Comparisons 

Crossover 

Measured 

Computed 

:• 

Length  Aspect 

Config-  Slope 

Depth  Discharge 

Discharge 

Percent 

ft  Ratio 

uration  ft /ft 

ft 

cfs 

cfs 

Differenc 

Symmetric  Floodplain 

4.091 

1 0.003 

0.204 

0.322 

0.3273 

-1.65 

0.173 

0.176 

0.1765 

-0.28 

0.194 

0.247 

0.2424 

1.86 

0.002 

0.147 

0.116 

0.1193 

-2.84 

0.179 

0.180 

0.1762 

2.11 

0.231 

0.437 

0.4380 

-0.23 

0.167 

0.156 

0.1472 

5-64 

0.001 

0.167 

0.114 

0.1118 

1.93 

0.225 

0.287 

0.2941 

-2.47 

0.186 

0.153 

0.1493 

2.42 

K 

2.636 

2 0.001 

0.202 

0.186 

0.1988 

-6.88 

0.233 

0.307 

0.3200 

-4.20 

r 

0.142 

0.101 

0.1008 

0.20 

0.002 

0.232 

0.394 

0.4155 

-5.46 

■ 

0.190 

0.2U5* 

0.2257 

-10.10 

0.160 

0.146 

0.1511 

-3.49 

0.003 

0.195 

0.285 

0.2958 

-3.79 

0.228 

0.454 

0.4680 

-3.08 

0.160 

0.172 

0.1652 

3.95 

1.364 

3 0.001 

0.251 

0.351 

0.3623 

-3.22 

0.196 

0.181 

0.1885 

-4.14 

0.221 

0.247 

0.2605 

-5.47 

0.003 

0.182 

0.246 

0.2482 

-O.89 

0.220 

0.409 

0.4192 

-2.59 

0.204 

0.337 

0.3438 

-2.02 

0.002 

0.193 

0.224 

0.2340 

-4.46 

0.237 

0.398 

0.4038 

-1.46 

t» 

0.219 

0.320 

0.3312- 

-3.50 

r , 

Asymmetric 

Floodplain 

r‘- 

0.682 

5 0.003 

0.254 

0.518 

0.5171 

0.17 

I . 

0.233 

0.410 

0.4154 

-1.32 

0.183 

0.250 

0.2523 

-0.92 

B, 

0.002 

0.225 

0.302 

0.3133 

-3.74 

0.263 

0.464 

0.4559 

1.75 

0.192 

0.223 

0.2213 

O.76 

0.001 

0.202 

0.192 

0.1953 

-1.72 

0.240 

0.285 

0.2933 

-2.91 

0.257 

0.338 

0.3434 

-1.60 

1.318 

6 0.003 

0.189 

0.286 

0.2890 

-1.05 

0.215 

0.401 

0.3797 

5.31 

0.240 

0.500 

0.5082 

-1.64 

i 

' 

0.002 

0.192 

0.252 

0.2517 

0.12 

(Continued) 


Apparent  bad  reading,  i.e.,  does  not  agree  with  rating  curve. 


i | ■IrtW**1’*- '»  -f-rj 


Table  1 (Concluded) 


Crossover 

Measured 

Computed 

Length 

Aspect 

Config-  Slope 

Depth 

Discharge 

Discharge 

Percent 

ft 

Ratio 

uration  ft/ft 

ft 

cf  s 

cfs 

Difference 

Asymmetric  Floodplain  (Continued) 

1.318 

6 

0.219 

0.356 

0.31*61* 

2.70 

0.258 

0.502 

0.1*956 

1.27 

0.001 

0.196 

O.185 

O.I89I* 

-2.38 

0.240 

0.316 

0.3177 

-0.51* 

0.287 

0.1*90 

0.1*81*3 

1.16 

2.0l*5 

7 0.003 

0.179 

0.255 

0.2525 

0.98 

0.198 

0.352 

0.3573 

-1.51 

0.225 

0.1*80 

0.1*871* 

-1.51* 

0.002 

0.183 

0.232 

0.2323 

-0.13 

0.201* 

0.321 

0.3206 

0.12 

0.238 

0.1*73 

0.1*767 

-0.78 

0.001 

0.268 

0.506 

0.5076 

-0.32 

0.237 

0.356 

0.3561 

-0.03 

0.193 

0.197 

0.1962 

0.1*1 

Meandering  Channel 

10 

1*.091 

9 0.001 

0.162 

0.121 

0.1176 

2.78 

10 

0.001 

0.210 

0.2l*8 

0.2628 

-5.96 

10 

0.001 

0.211 

0.21*9 

0.2718 

-9.17 

10 

0.001 

0.209 

0.250 

0. 21+75 

1.00 

10 

0.001 

0.199 

0.201* 

0.201*5 

-0.23 

10 

0.001 

0.211 

0.251 

0.21*93 

0.67 

20 

8 0.001 

0.251 

0.505 

0.1*823 

1* . 1*9 

20 

0.001 

0.250 

0.501* 

0.5078 

-0.76 

20 

0.001 

0.250 

0.505 

0.1*529 

10.33 

20 

0.001 

0.250 

0.503 

0.5335 

-6.07 

20 

0.001 

0.11*2 

0.102 

0.0981* 

3.52 

20 

0.001 

0.137 

0.101 

0.0921 

8.81 

20 

0.001 

0.215 

0.288 

0.2969 

-3.10 

3-10 

11  0.001 

0.2l*3 

0.289 

0.2899 

-0.32 

3-10 

0.001 

0.21*5 

0.292 

0.3251* 

-11.1*5 

Larger  Scale  Channel 

Uniform  roughness 

2.636 

12  0.001 

0.191* 

0.258 

0.2698 

-U.57 

Uniform  roughness 

0.001 

0.2l*l* 

0.397 

0.3871 

2.50 

Uniform  roughness 

0.001 

0.289 

0.676 

0. 61*60 

l*.l+3 

(With  No.  8 gravel 

13  0.001 

0.202 

0.51*5 

0.5211 

1*  • 39 

on  floodplain) 
(With  No.  8 gravel 

0.001 

0.251 

0.395 

0.3901* 

1.17 

on  floodplain) 

Meandering  Channel  with  Channel  Separating  from  Floodplain 


(Maximum  separa- 

2.000  ll* 

0.001  0.226 

0.21*9 

0.21*77 

0.52 

tion  station) 

0.001  0.191* 

0.167 

0.1687 

0.00 

SURFACE  STREAMLINES 
MEANDERING  CHANNEL  WITH  10-FT  CROSSOVER 


PHOTO  2 


TEST  CONDITIONS 

SLOPE  0.001 

EXPOSURE  TIME  0.5  SEC 

NOTE  MEANDERING  CHANNEL  TWO  10-FT  CROSSOVERS  WITH  SURFACE  CURRENT  PATTERNS 

Channel  separating  from  the  floodplain.  LOW-FLOW,  HIGH-FLOW  STRUCTURE 


PHOTO  4 


SURFACE  CURRENT  PATTERNS  FOR 
LOW  FLOODPLAIN  FLOW 


M01J 


DEPOSITION  IN  CHANNEL 
DURING  FLOOD  FLOW 


o 


PLATE  4 


CONSECUTIVE  CROSSOVERS  IN 
A PRISMATIC  FLOODPLAIN 
DISCHARGE  VS  DEPTH 


°T  TEST  12  04T  TEST  13 


DEPTH,  FT  DEPTH,  FT 


LEGEND 


0 05' 1 

0 004 


TEST  5 

ASPECT  RATIO  0 682 


§ 

o A? 

o° 

0 *0 
o 40 

O & 

o a 


BANK -FULL 

~o~^T~ 

_ A 


TEST  6 

ASPECT  RATIO  1.318 


— I 1 0 OS* * 

O 018  0 004 

MANNING'S  n.  ET  l/,» 


BANK-FULL 

O « 


TEST  7 

ASPECT  RATIO  2 044 


FROM  MANNING'S  EQUATION 
*a2/3sI/2 

A TOTAL  CROSS-SECTIONAL  AREA 
R HYDRAULIC  RADIUS 
Q MEASURED  DISCHARGE 
S INVERT  SLOPE 


0 05' 1 

0 004 


MANNING'S  O,  FT  »/• 


SLOPE 
O 0 001 
A 0 002 
□ 0 003 


PRISMATIC  CHANNELS  WITH 
ASYMMETRIC  FLOODPLAIN 

MANNING'S  n VS  DEPTH 

SINGLE-CHANNEL  METHOD 


PLATE  7 


DEPTH,  FT  DEPTH,  FT 


0 30r 


0 15 


0.05 


TEST  8 

ASPECT  RATIO  4.090 

O 

°0  A 


£ 


OD 


BANK-FULL 


O 0 

O 'ft 


A 

□ 


0 004 


TEST  9 

ASPECT  RATIO  4 090 


O 

O 

° £ 
O *o 
A 0 


A □ 


oft* 


0 A 

O ft 

AO 


BANK-FULL 


0 012 


IQ-FT  CROSSOVER 


-l 1 0.05 

0 016  0 004 

MANNING'S  n , FTJ/* 


0 006 


□ 

A 

0 O 
A 

O □ 


0 012 


20-FT  CROSSOVER 


0.05 


TEST  10 

ASPECT  RATIO  4.091 

0 

0 

0 A n 
0 A D 

JO  0 

a°£  * 

BANK- FULL 

□ □ 
<3 

O 

o*  0 

~ 

O 

> 

□ 

* D 

— J 1 1 1 1 1 > ■ » 1 

0 008  0 012 
MANNING'S  n,  FT  1 /• 


0 016 


FROM  MANNING'S  EQUATION 

ar2'3s’'2 

A TOTAL  CROSS-SECTIONAL  AREA 
R HYDRAULIC  RADIUS 
Q MEASURED  DISCHARGE 
S INVERT  SLOPE 

LEGEND 
SLOPE 
O 0001 
A 0002 
□ 0 003 


30-FT  CROSSOVER 


MEANDERING  CHANNEL  IN 
PRISMATIC  FLOODPLAIN 
MANNING'S  n VS  DEPTH 
SINGLE-CHANNEL  METHOD 

TESTS  8.  9.  AND  10 


PLATE  8 


TEST  II 

ASPECT  RATIO  4 091 


BANK-FULL 


8 

00  * 


o 05 1 ‘ 

0.004 


(9  A □ 


MANNING'S  n,  FT  1/® 

THREE  10-FT  CROSSOVERS 


TEST  14 

ASPECT  RATIO  2 000 
O 
O 

O A 
OA  o 
0*0 
0^0 

o* 


BANK-FULL 


0 05l 1 

0 004 


MANNING'S  O,  FT  l/® 

TWO  JO- FT  CROSSOVERS 


SLOPE 
O 0001 
A 0 002 
O 0 003 


FROM  MANNING'S  EQUATION 
n=-!-^S-  AR*-'**1''* 
a total  cross-sectional  area 

R HYDRAULIC  RADIUS 
Q MEASURED  DISCHARGE 
S INVERT  SLOPE 


MEANDERING  CHANNEL 
IN  PRISMATIC  FLOODPLAIN 

MANNING'S  n VS  DEPTH 

SINGLE-CHANNEL  METHOD 


TESTS  II  AND  14 


PLATE  9 


toe-* 


0.10  1 1 

0 004 


TEST  12 

ASPECT  RATIO  2 638 


BANK-FULL 


0008  0 012 
MANNING'S  n,  FT  */• 


SMOOTH  FLOODPLAIN  AND  CHANNEL 


TEST  13 

ASPECT  RATIO  2 636 


BANK-FULL 

o 

_ CO 


0.10  I 1 

0 004 


SLOPE 
O 0 001 
A 0 002 
0 0 003 


0 008  0 012 
MANNING'S  n,  FT*/® 


*8  GRAVEL  ON 

FLOODPLAIN  AND  SMOOTH  CHANNEL 


FROM  MANNING'S  EQUATION 
AR  2/3  j !/2 

A TOTAL  CROSS-SECTIONAL  AREA 
R HYDRAULIC  RADIUS 
Q MEASURED  DISCHARGE 
S INVERT  SLOPE 


PRISMATIC  CHANNEL  OF 
LARGER  SCALE  WITH 
SYMMETRIC  FLOODPLAIN 

MANNING'S  n VS  DEPTH 
SINGLE-CHANNEL  METHOD 


depth,  ft  depth,  ft 


ASPECT  RATIO  4.091 


ASPECT  RATIO  2 636 


ASPECT  RATIO  I 364 


% ^ fe 
00  * 
qCT  a On 


BANK-FULL 


°o  p 

•Vs” 

i>4 

o°  a460 

BANK-FULL 

S *5. 


0.15-  °0 

O 

□ 

6 0 

O 

0 10  - 


0 0)0  0.012  0 014  0.016  0.010  0 012  0 014  0.016  0.010  0.012  0.014  0 016 

MANNING'S  n 

SYMMETRIC  FLOODPLAIN 


ASPECT  RATIO  2.045 


ASPECT  RATIO  1.318 


ASPECT  RATIO  0 682 


°a  n 
°A  ° 

0 20  - Ofi  5 0 20- 

A a 

g BANK-fULL  

r o o 

0 15-0  6 015- 


° f 

0 20  - 0 Atf 

°:* 

5 bank-full 


O A 0 
0 25  - © A° 

° Aa 

° Aq 

020-  “ $ 

o8  i 

q IP  BANK-FULL 


0 010  0.012  0 014  0 016  0 010  0 012  0.014  0 016  0 010  0 012  0 014  0 016 

MANNING'S  n 

ASYMMETRIC  FLOODPLAIN 


r’=-L^5  (achAch*'3  ♦ * 

aCh  area  of  channel 
a area  of  floodplain 
n MANNING'S  N 
Q DISCHARGE 

«CM  HYDRAULIC  RADIUS  OF  CHANNEL 
P HYDRAULIC  RADIUS  OF  FLOODPLAIN 
S INVERT  SLOPE 

LEGEND 


vFL  P|  jF L P / 

*\CHN/ 


PRISMATIC  CHANNEL  AND 
FLOODPLAIN 
MANNING'S  n VS  DEPTH 
SEPARATE-CHANNELS  METHOD 


V/VMA»  O"  v/v  y/yuax  or  v/y 


or  v-'V  y/yM »«  on  v/v  y/y„,„  or  v/v 


•^Jfcur  / SLOPE  =0001 


0.8  1.0  0 

RANGE /TOP  WIDTH 


RANGE /TOP  WIDTH 


Q =0  302  CFS 
YMAk  *0.225  FT 
SLOPE  =0  002 


RANGE  DISTANCE  FROM  LEFT  BANK 
TOP  WIDTH  FREE  SURFACE  WIDTH 

S AVERAGE  VERTICAL  VELOCITY 

Q/TOTAL  CROSS-SECTIONAL  AREA 
Q DISCHARGE 

Y DEPTH  OF  FLOW  AT  A RANGE 
yma*  DEPTH  OF  FLOW  FROM 
CHANNEL  BOTTOM 


0.4  0.6 

RANGE  /TOP  WIDTH 


VELOCITY  PROFILES 

ASYMMETRIC  FLOODPLAIN 

ASPECT  RATIO  0.682 

0.001  AND  0002  SLOPES 


PLATE  13 


Y/YMAX  OR  V/Y  Y/YmaX  OR  V/V 


LEGEND 


RANGE 
TOP  WIDTH 

V 

V 
Q 

V 


Y 


MAX 


DISTANCE  FROM  LEFT  BANK 
FREE  SURFACE  WIDTH 
AVERAGE  VERTICAL  VELOCITY 
Q/TOTAL  CROSS-SECTIONAL  AREA 
DISCHARGE 

DEPTH  OF  FLOW  AT  A RANGE 
DEPTH  OF  FLOW  FROM 
CHANNEL  BOTTOM 


VELOCITY  PROFILES 

ASYMMETRIC  FLOODPLAIN 

ASPECT  RATIO  0 682 

0002  AND  0003  SLOPES 


A/a  mo  ""a/a  A/a  mo  ""a/a  A/a  mo  ""a/a 


A/A  MO  *»"A/A 


Y/YMAX  OR  V/Y  ¥/Ymax  OR  V/V  Y/Y Max  OR  V/Y 


Q = 0 356  CFS  \ 

YMAX=0  237FT  ) 
SLOPE  =0  001 


10  0 

RANGE /TOP  WIDTH 


RANGE /TOP  WIDTH 


Q =0  321  CFS 
Ymax  =0.204  FT 
SLOPE  =0  002 


ft — — ' 

• rsr*A» 


RANGE  DISTANCE  FROM  LEFT  BANK 
TOP  WIDTH  FREE  SURFACE  WIDTH 

Y AVERAGE  VERTICAL  VELOCITY 

Y Q/TOTAL  CROSS-SECTIONAL  AREA 
Q DISCHARGE 

Y DEPTH  OF  FLOW  AT  A RANGE 
ymax  DEPTH  OF  FLOW  FROM 

CHANNEL  BOTTOM 


0.4  0 6 

RANGE /TOP  WIDTH 


VELOCITY  PROFILES 
ASYMMETRIC  FLOODPLAIN 

ASPECT  RATIO  2.04  5 

0 001  AND  0 002  SLOPES 


PLATE  17 


a/a  ao  *TnA/A  a/a  ao  *v"a/a 


i.o  o 

RANGE /TOP  WIDTH 


RANGE  DISTANCE  FROM  LEFT  BANK 
TOP  WIDTH  free  surface  WIDTH 

V AVERAGE  VERTICAL  VELOCITY 
Q/TOTAL  CROSS-SECTIONAL  AREA 

Q DISCHARGE 

Y DEPTH  OF  FLOW  AT  A RANGE 

yuax  depth  OF  FLOW  FROM 

CHANNEL  BOTTOM 


VELOCITY  PROFILES 

ASYMMETRIC  FLOODPLAIN 

ASPECT  RATIO  2.045 

0002  AND  0003  SLOPES 


PLATE  18 


Q =0  181  CFS 
=0  196  FT 
SLOPE  = 0 001 


y—F^p 


I 0 0 

RANGE  /TOP  WIDTH 


1 Q =0  247  CFS  1 
VUA„  =0  221  FT 
SLOPE  =0  001 

I 1 

0 4 0 6 


\<: 


A 


iX. 


Q = 0 351  CFS 
VMA,  =0  251  FT 
SLOPE  =0  001 


/ 0=0  224  CFS  v 

f VMAJI  =0  193  FT  I 
SLOPE  =0  002 


Range  /top  width 


A.  . 

4 Nv/ 


/ Q = 0 320  CFS  \ 
/ YMA*=0  2I9FT  V 
SLOPE  =0  002 

I I 

0 4 0 6 

RANGE  /TOP  WIDTH 


RANGE  DISTANCE  FROM  LEFT  BANK 
TOP  WIDTH  FREE  SURFACE  WIDTH 

V AVERAGE  VERTICAL  VELOCITY 

V Q/TOTAL  CROSS-SECTIONAL  AREA 
Q DISCHARGE 

V DEPTH  OF  FLOW  AT  A RANGE 
yuAX  DEPTH  OF  FLOW  FROM 

CHANNEL  BOTTOM 


VELOCITY  PROFILES 
SYMMETRIC  FLOODPLAIN 
ASPECT  RATIO  1364 
0 001  AND  0 002  SLOPES 


PLATE  19 


• VIJam 


LEGEND 


-Q q 

p 


1 Q=0  3MCFS 

Yma»=0  237  FT 
SLOPE  = 0 002 


h 


RANGE /TOP  WIDTH 


/ Q = 0 246  CFS 

/ Yma*=0I82FT 

' SLOPE  =0  003 

J I 

0 4 0 6 


I 0 0 

RANGE  /TOP  WIDTH 


Q =0  409  CFS  1 
Yma„=0  220  FT 
SLOPE  = 0 003 

I 1 

0 4 0 6 


RANGE  DISTANCE  FROM  LEFT  BANK 
TOP  WIDTH  FREE  SURFACE  WIDTH 

V AVERAGE  VERTICAL  VELOCITY 

V Q/TOTAL  CROSS-SECTIONAL  AREA 
Q DISCHARGE 

V DEPTH  OF  FLOW  AT  A RANGE 
vmak  DEPTH  OF  FLOW  FROM 

CHANNEL  BOTTOM 


VELOCITY  PROFILES 
SYMMETRIC  FLOODPLAIN 
ASPECT  RATIO  1364 
0002  AND  0003  SLOPES 


PLATE  20 


OR  V/Y 


I 

? 


Q =0  186  CFS 
b V„„=0  202  FT 
I SLOPE  =0  001 

b 

i 

* — o--. 


<3=0.101  CPS 
Y max  =0  142  FT 
SLOPE  = 0 001 


0 4 0 6 0 8 


RANGE /TOP  WIDTH 


- - 6 **  k 

P/E' -A^  Q 

? I? 

yr~i\ 


a ^ . . 


o > 


Q =0  307  CFS 
ymak  =0  233  FT 
SLOPE  = 0 001 


Q =0.146  CFS 
Ymm  =0  160  FT 
SLOPE  = 0 00 2 


RANGE  / TOP  WIDTH 


RANGE  DISTANCE  FROM  LEFT  BANK 

TOP  WIDTH  FREE  SURFACE  WIDTH 

Y AVERAGE  VERTICAL  VELOCITY 

Y Q/TOTAL  CROSS-SECTIONAL  AREA 

Q DISCHARGE 

Y DEPTH  OF  FLOW  AT  A RANGE 

yua*  depth  OF  FLOW  FROM 

CHANNEL  BOTTOM 


VELOCITY  PROFILES 

SYMMETRIC  FLOODPLAIN 

ASPECT  RATIO  2 636 

0001  AND  0 002  SLOPES 


PLATE  21 


* ao  •»"*/* 


V — * 
~—rsr**K 


Q=0  394CFS  h'^ 

YMAX=0  232  FT  /i 

k . 

SLOPE  =0  002  l 

V-— 

f 

/ 

k 

JL  / 

/ 

\ * 

, * " / 

1 . An- 

* / 

\ V 

U- 

0 02  0.4 

0 6 0.8  10 

RANGE /TOP  WIDTH 


Q=0  454CFS  / 

T max  =0  228  FT  p 
SLOPE  =0  003  / 

Q 

vs?^f 

pr 

p 

— --0 ' , 


OR  v/v  V/VMA*  OR  V/Y 


LEGEND 


RANGE  DISTANCE  FROM  LEFT  BANK 
TOP  WIDTH  FREE  SURFACE  WIDTH 

V AVERAGE  VERTICAL  VELOCITY 

7 Q/TOTAL  CROSS-SECTIONAL  AREA 
Q DISCHARGE 

V DEPTH  OF  FLOW  AT  A RANGE 

vma*  depth  of  flow  from 

CHANNEL  BOTTOM 


VELOCITY  PROFILES 

SYMMETRIC  FLOODPLAIN 

ASPECT  RATIO  4090 

0 001  AND  0 002  SLOPES 


PLATE  23 


OR  V/V  »/»M„  OR  V/V 


Q =0  322CFS 
V MAX  =0  204  FT 
SLOPE  =0  003 
I 0 - 


0 8 10  ^ 

RANGE  /TOP  WIDTH 


Ps  ? 

a ^ ^ Q =0  247CFS 
fry?  \ Y m a * =0194  FT 

^ 1 SLOPE  =0.003 


' — ■ — □ . 


0 4 0 6 0.8 

RANGE  / TOP  WIDTH 


VIZ/ 


RANGE  DISTANCE  FROM  LEFT  BANK 
TOP  WIDTH  TREE  SURFACE  WIDTH 

V AVERAGE  VERTICAL  VELOCITY 

$ Q/TOTAL  CROSS-SECTIONAL  AREA 

Q DISCHARGE 

V DEPTH  OF  FLOW  AT  A RANGE 
vma«  depth  of  FLOW  from 

CHANNEL  BOTTOM 


VELOCITY  PROFILES 

SYMMETRIC  FLOODPLAIN 

ASPECT  RATIO  4090 

0002  AND  0.003  SLOPES 


y/yUA,  or  v/Y 


MEANDERING  CHANNEL  THREE  IQ- FT  CROSSOVERS 


legend 

RANGE  DISTANCE  FROM  LEFT  BANK 
TOP  WIDTH  FREE  SURFACE  WIDTH 

Y AVERAGE  VERTICAL  VELOCITY 

Y Q/TOTAL  CROSS-SECTIONAL  AREA 
O DISCHARGE 

Y DEPTH  OF  FLOW  AT  A RANGE 
ymak  DEPTH  OF  FLOW  FROM 

CHANNEL  BOTTOM 


VELOCITY  PROFILES 
MEANDERING  CHANNEL  WITH 
CONSECUTIVE  CROSSOVERS  IN 
A PRISMATIC  FLOODPLAIN 


V i 

FI 

rr  7 

LJ 

/ 

PLATE  25 


A/a  HO  XV"A/A 


MEANDERING  CHANNEL  WITH 
20-FT  CROSSOVER 


MODIFIED  SINGLE-CHANNEL  METHOD 
WITH  LAD  FORMULA 
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COMPARISON  OF  MODIFIED 
SINGLE -CHANNEL  METHOD  AND 
LAD  FORMULA  WITH  MEASURED  DATA 
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PLATE  30 
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APPENDIX  A: 

STAGE-DISCHARGE 

DATA 

Table  A1 

Symmetric 

Floodplain,  Test 

_1 

Aspect  Ratio  = b.091 


r 


Table  A1  (Continued) 


Discharge 

Depth 

Manning 

Chezy 

Darcy 

cfs 

ft 

n 

C 

f 

Slope  = 0.002  ft/ft  (Continued) 


0.117 

0.150 

0.014 

72.0 

0.050 

0.134 

0.161 

0.014 

73.6 

0.048 

0.145 

0.166 

0.014 

75.8 

0.045 

0.154 

0.167 

0.013 

79-8 

0.040 

0.169 

0.177 

0.007 

116.7 

0.019 

0.196 

0.186 

0.009 

97.6 

0.027 

0.172 

0.181 

0.009 

101.8 

0.025 

0.180 

0.182 

0.008 

102.7 

0.024 

0.209 

0.189 

0.009 

94.6 

0.029 

0.212 

0.191* 

0.011 

82.9 

0.037 

0.300 

0.208 

0.011 

83.0 

0.037 

0.345 

0.216 

0.012 

80.7 

0.040 

0.1+00 

0.226 

0.013 

77.7 

0.043 

0.1+70 

0.236 

0.013 

77.4 

0.043 

0.200 

0.197 

0.013 

72.1 

0.050 

0.210 

0.187 

0.009 

101.2 

0.025 

0.156 

0.176 

0.008 

112.3 

0.020 

0.102 

0.131+ 

0.013 

75.1 

0.046 

0.01+3 

0.087 

0.015 

62.2 

0.067 

0. 1+1+3 

0.233 

0.013 

76.5 

0.044 

0.535 

0.21+2 

0.012 

80.4 

0.040 

0.180 

0.179 

0.007 

114.8 

0.020 

0.331+ 

0.211+ 

0.012 

81.4 

0.039 

0.205 

0.187 

0.009 

98.8 

0.026 

0.250 

0.197 

0.010 

90.2 

0.032 

0.1+37 

0.231 

0.013 

78.0 

0.042 

Slope  = 0.003  ft/ft 


0.073 

0.102 

0.014 

67.3 

0.057 

0.102 

0.124 

0.014 

69.3 

0.054 

0.126 

0.138 

0.014 

72.3 

0.049 

0.146 

0.149 

0.014 

74.1 

0.047 

0.178 

0.167 

0.014 

75.3 

0.045 

0.204 

0.179 

0.008 

106.3 

0.023 

0.229 

0.185 

0.009 

96.2 

0.028 

0.272 

0.194 

0.010 

86.9 

0.034 

0.340 

0.206 

0.012 

80.3 

0.040 

0.320 

0.203 

0.011 

81.1 

0.039 

(Continued) 
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A2 


(Sheet  2 of  3) 
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Table  A1  (Concluded) 


Discharge 

cfs 


0 
0 

0.229 

0.206 

0.179 

0.l6l 


Depth 

ft 


Manning 

n 


Chezy 


Darcy 

f 


Slope  = 0.003  ft /ft  ( Continued ) 


0.196  ■ 0.010  8 
0.189  0.010  9 

0.184  0.009  9 

0.179  0.008  10 

0.167  0.014  7 

0.159  0.01k  7 


0.010 

87.7 

0.033 

0.010 

92.4 

0.030 

0.009 

99.5 

0.026 

0.008 

107.3 

0.022 

0.014 

75.7 

0.045 

0.014 

73.7 

0.047 

Table  A2 

Symmetric  Floodplain,  Test  2 
Aspect  Ratio  = 2.636 


* ■ 


■ ■ 

f 
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Table  A3 

Symmetric  Floodplain,  Test  3 
Aspect  Ratio  = 1.361+ 


Computed  by  single-channel  method. 


A6 


Discharge 

Depth 

Manning* 

Chezy* 

Darcy* 

cfs 

ft 

n 

C 

f 

Slope  = 0.001  ft/ft 

0.072 

0.112 

0.010 

99.  U 

0.026 

0.102 

o.ii+i* 

0.011 

9^.7 

0.029 

0.126 

0.159 

0.010 

99-9 

0.026 

0.11+6 

0.172 

0.007 

1U0.I* 

0.013 

0.178 

0.191* 

0.009 

109.9 

0.021 

0.206 

0.208 

0.010 

101.3 

0.025 

0.252 

0.223 

0.010 

100.1+ 

0.026 

0.321+ 

9.21+1+ 

0.010 

100.2 

0.026 

0.1+08 

0.268 

0.011 

98.6 

0.027 

0.501 

0.289 

0.011 

100.1+ 

0.026 

0.1+58 

0.280 

0.011 

99-2 

0.026 

0.365 

0.255 

0.010 

100.3 

0.026 

0.286 

0.233 

0.010 

100.1+ 

0.026 

0.228 

0.215 

0.010 

101.3 

0.025 

0.176 

0.191+ 

0.009 

108.6 

0.022 

0.162 

0.187 

0.008 

113.6 

0.020 

0.132 

0.165 

0.011 

98.6 

0.027 

0.116 

0.151+ 

0.011 

96.8 

0.028 

Slope  = 0.002  ft/ft 

0.102 

0.121 

0.011 

88.2 

0.033 

0.151 

0.152 

0.011 

91.0 

0.031 

0.161+ 

0.158 

0.011 

92.9 

0.030 

0.178 

0.166 

0.011 

93.1 

0.030 

0.192 

0.175 

0.008 

121.9 

0.017 

0.207 

0.182 

0.008 

113.2 

0.020 

0.230 

0.190 

0.009 

107.8 

0.022 

0.272 

0.201* 

0.010 

100.6 

0.025 

0.31+1 

0.222 

0.010 

97.3 

0.027 

0.1+51+ 

0.251 

0.011 

92.0 

0.030 

0.1+51+ 

0.250 

0.011 

93.0 

0.030 

0.51+1 

0.266 

0.011 

9I+.2 

0.029 

(Continued) 
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Table  A3  (Concluded) 


Discharge 

Depth 

Manning 

Chezy 

Darcy 

cfs 

ft 

n 

C 

f 

Slope 

= 0.002  ft /ft  (Continued) 

0.1+90 

0.256 

0.011 

94.2 

0.029 

0.396 

0.235 

0.011 

96.0 

0.028 

0.306 

0.212 

0.010 

100.3 

0.026 

0.21+8 

0.196 

0.009 

104.6 

0.024 

0.216 

0.185 

0.009 

111.3 

0.021 

I 

0.198 

0.178 

0.008 

117-7 

0.019 

0.185 

0.170 

0.007 

132.0 

0.015 

f 

1 

F 

0.152 

0.152 

0.011 

91.6 

0.031 

• 

Slope  = 0.003  ft/ft 

| 

0.072 

0.087 

0.011 

85.O 

0.036 

l 

0.123 

0.123 

0.012 

84.6 

0.036 

r 

f 

0.180 

0.151+ 

0.012 

86.7 

0.034 

0.192 

0.159 

0.012 

87.9 

0.033 

0.206 

0.165 

0.012 

88.8 

0.033 

0.230 

0.176 

0.008 

116.6 

0.019 

0.273 

0.191 

0.009 

102.6 

0.024 

0.351+ 

0.210 

0.010 

97-6 

0.027 

0.1+57 

0.233 

0.011 

92.7 

0.030 

0.51+0 

0.21+9 

0.011 

91.3 

0.031 

0.501 

0.21+2 

0.011 

91.4 

0.031 

1 

p 

t 

i*, 

0.1+10 

0.221+ 

0.011 

93.1 

0.030 

0.312 

0.202 

0.010 

97-3 

0.027 

0.252 

0.183 

0.009 

110.3 

0.021 

L *' * 

0.216 

0.171 

0.008 

122.8 

0.017 

;; 

Y 

0.11+2 

0.133 

0.012 

86.4 

0.035 

t 

0.196 

0.161 

0.012 

87.9 

0.033 

I 


I 


Table  A h 

Trapezoidal  Channel,  Test  1+ 


Discharge 

Depth 

Manning* 

Chezy* 

cfs 

ft 

n 

C 

Slope 

= 0.001  ft/ft 

0.323 

0.272 

0.010 

186.1 

0.308 

0.265 

0.010 

105.8 

0.288 

0.257 

0.011 

102+.1 

0.271 

0.21*8 

0.011 

10U.0 

0.252 

0.237 

0.010 

IOU.U 

0.228 

0.228 

0.011 

100.7 

0.205 

0.215 

0.011 

99.8 

0.177 

0.197 

0.011 

99.5 

0.11*1* 

0.176 

0.011 

97.3 

0.102 

0.11+5 

0.011 

93.7 

Slope 

= 0.002  ft/ft 

0.1*07 

0.271* 

0.012 

93.1* 

0.396 

0.271 

0.012 

92.6 

0.381+ 

0.267 

0.012 

92.1 

0. 366 

0.260 

0.012 

91.8 

0.353 

0.251* 

0.012 

92.1 

0.323 

0.21*1* 

0.012 

90.1 

0.289 

0.228 

0.012 

90.3 

0.21+8 

0.210 

0.012 

88.8 

0.202 

0.187 

0.012 

87.1* 

0.11*3 

0.153 

0.012 

85.2 

Slope  = 0 

.003  ft /ft 

0.1+22 

0.257 

0.012 

88.1 

0.1*01 

0.250 

0.013 

87.7 

0.382 

0.21+1+ 

0.013 

87.0 

0.361 

0.236 

0.013 

86.9 

0.337 

0.228 

0.013 

85.9 

0.315 

0.218 

0.012 

86.5 

0.288 

0.207 

0.012 

86.2 

0.250 

0.191 

0.012 

85.3 

0.203 

0.170 

0.012 

83.7 

0.11*3 

0.138 

0.012 

82.0 

* Computed  by  single-channel  method. 


Darcy* 

f 


0.023 
0.023 
0. 02 
0.021* 
0.021* 

0.025 

0.026 

0.026 

0.027 

0.029 


0.030 

0.030 

0.030 

0.031 

0.030 

0.032 

0.032 

0.033 

0.031+ 

0.035 


0.033 

0.031* 

0.031* 

0.031* 

0.035 

0.031* 

0.035 

0.035 

0.037 

0.038 


A8 


Table  A5 

Asymmetric  Floodplain,  Test 
Aspect  Ratio  = 0. 682 


Table  A5  (Concluded) 


Discharge  Depth  Manning  Chezy  Darcy 

E cfs  ft  n C f 


Slope  = 0.002  ft/ft  (Continued) 


Table  A 6 

Asymmetric  Floodplain,  Test  6 
Aspect  Ratio  = 1.318 


•/  1 


Discharge 

Depth 

Manning* 

Chezy* 

Darcy* 

cfs 

ft 

n 

C 

f 

Slope  = 0.001  ft/ft 

0.074 

0.119 

0.011 

92.9 

0.030 

0.127 

0.160 

0.010 

99.7 

0.026 

0.217 

0.206 

0.009 

110.4 

0.021 

0.282 

0.226 

0.009 

108.7 

0.022 

0.330 

0.242 

0.010 

105.2 

0.023 

0. 37U 

0.254 

0.010 

104.8 

0.023 

o.4i4 

0.264 

0.010 

105.0 

0.023 

0.1+53 

0.274 

0.010 

104.6 

0.024 

0.U8U 

0.280 

0.010 

105.9 

0.023 

0.502 

0.284 

0.010 

106.1 

0.023 

0.1+69 

0.277 

0.010 

105.4 

0.023 

0.1+33 

0.268 

0.010 

105.7 

0.023 

0.391+ 

0.258 

0.  010 

106.0 

0.023 

0.351 

0.248 

0.010 

104.7 

0.023 

0.306 

0.235 

0.010 

105.7 

0.023 

0.21+8 

0.217 

0.009 

107.6 

0.022 

0.179 

0.190 

0.008 

118.6 

0.018 

0.100 

0.138 

0.010 

99-4 

0.026 

Slope  = 0.002  ft/ft 

0.101 

0.120 

0.011 

88.5 

0.033 

0.170 

0.162 

0.011 

92.5 

0.030 

0.253 

0.193 

0.009 

112.4 

0.020 

0.306 

0.210 

0.010 

103.7 

0.024 

0.356 

0.223 

0.010 

100.8 

0.025 

0.395 

0.231 

0.010 

101.2 

0.025 

0.1+31+ 

0.24l 

0.010 

98.9 

0.026 

0.1+66 

0.248 

0.011 

98.3 

0.027 

0.502 

0.257 

0.011 

96.4 

0.028 

0.482 

0.251 

0.011 

98.5 

0.027 

( Continued) 

* Computed  by  single-channel  method. 
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Table  A6  (Concluded) 


ls charge 

Depth 

Manning 

Chezy 

Darcy 

cfs 

ft 

n 

C 

f 

Slope 

= 0.002  ft /ft  (Continued) 

0.448 

0.243 

0.010 

99-8 

0.026 

0.1+12 

0.236 

0.010 

99.4 

0.026 

0.373 

0.227 

0.010 

100.4 

0.026 

0.329 

0.216 

0.010 

102.4 

0.025 

0.272 

0.200 

0.009 

107.4 

0.022 

0.215 

0.181 

0.008 

119.6 

0.018 

0.14U 

0.145 

0.011 

93.5 

0.029 

Slope  = 0.003  ft/ft 

O.O98 

0.107 

0.012 

83.9 

0.037 

0.204 

0.162 

0.011 

90.6 

0.031 

0.270 

0.185 

0.008 

113.4 

0.020 

0.322 

0.200 

0.009 

103.9 

0.024 

0.368 

0.213 

0.010 

97.5 

0.027 

0.407 

0.222 

0.011 

95.4 

0.028 

0.445 

0.230 

0.011 

94.2 

0.029 

0.478 

0.236 

0.011 

94.2 

0.029 

0.510 

0.242 

0.011 

93.8 

0.029 

0.494 

0.240 

0.011 

93.0 

0.030 

0.459 

0.232 

0.011 

94.8 

0.029 

0.426 

0.225 

0.011 

96.0 

0.028 

0.387 

0.216 

0.010 

98.3 

0.027 

0.345 

0.206 

0.010 

101.3 

0.025 

0.295 

0.192 

0.009 

108.9 

0.022 

0.235 

0.175 

0.008 

121.2 

0.018 

0.l6l 

0.144 

0.012 

86.3 

0.035 

.12 


Table  AT 


.j- — . 


Asymmetric  Floodplain,  Test  T 
Aspect  Ratio  = 2.045 


Discharge 

Depth 

Manning* 

Chezy* 

Darcy* 

cf  s 

ft 

n 

C 

f 

Slope  = 0.001  ft/ft 


0.08l 

0.116 

0.009 

105.8 

0.023 

0.l6l 

0.177 

0.006 

146.3 

0.012 

0.251 

0.209 

0.008 

115.0 

0.019 

0.322 

0.229 

0.009 

108.2 

0.022 

0.383 

0.244 

0.010 

105.7 

0.023 

0.1+35 

0.255 

0.010 

105.4 

0.023 

0.U82 

0.264 

0.010 

105.8 

0.023 

0.505 

0.268 

0.010 

106.3 

0.023 

0.1+57 

0.259 

0.010 

105-9 

0.023 

0.1+08 

0.249 

0.010 

106.0 

0.023 

0.351+ 

0.237 

0.010 

106.7 

0.023 

0.288 

0.219 

0.009 

112.1 

0.021 

0. 21 1+ 

0.197 

0.008 

122.4 

0.017 

0.120 

0.148 

0.010 

106.7 

0.023 

Slope  = 0.002  ft /ft 

0.101 

0.116 

0.011 

93.3 

0.030 

o.ii+i* 

0.139 

0.010 

100.0 

0.026 

0.164 

0.151 

0.010 

99-8 

0.026 

0.178 

0.159 

0.010 

99-8 

0.026 

0.191 

0.166 

0.010 

99-9 

0.026 

0.203 

0.171 

0.006 

154.9 

0.011 

0.220 

0.175 

0.006 

149.4 

0.012 

0.242 

0.183 

0.007 

133.3 

0.015 

0.260 

0.187 

0.007 

130.2 

0.015 

0.298 

0.198 

0.008 

118.2 

0.018 

0.331 

0.206 

0.009 

113.0 

0.020 

0.374 

0.215 

0.009 

109.6 

0.021 

0.429 

0.226 

0.009 

106.4 

0.023 

0.483 

0.235 

0.010 

105.7 

0.023 

Table  A7  (Concluded) 


r ' 


Discharge 

Depth 

Manning 

Chezy 

Darcy 

cfs 

ft 

n 

C 

f 

Slope  = 0.003  ft /ft 


0.103 

0.105 

0.011 

90.8 

0.031 

0.163 

0.138 

0.011 

93-5 

0.029 

0.250 

0.158 

0.011 

94.8 

0.029 

0.229 

0.168 

0.006 

156.7 

0.251 

0.175 

0.006 

139-2 

0.275 

0.183 

0.007 

123.7 

0.313 

0.193 

0.008 

112.2 

0.020 

0.356 

0.202 

0.009 

106.8 

0.023 

0.396 

0.210 

0.009 

103.0 

0.024 

0.2*57 

0.221 

0.010 

99-6 

0.026 

0.523 

0.232 

0.010 

97.3 

0.027 

L 


0.0T2 

O.lll* 

0.010 

96.7 

0.028 

0.11+6 

0.172 

0.005 

117.  4 

0.008 

0.340 

0.227 

0.011 

91.8 

0.031 

0.1+35 

0.21+1 

0.011 

93.9 

0.029 

0.205 

0.196 

0.008 

107.  4 

0.022 

0.263 

0.212 

0.010 

94.4 

0.029 

0.102 

O.ll+O 

0.010 

99.1 

0.026 

0.291 

0.219 

0.011 

90.9 

0.031 

0.201+ 

0.197 

0.009 

101+.0 

0.024 

0.396 

0.238 

0.011 

89.U 

0.032 

0.178 

0.189 

0.008 

114.0 

0.020 

O.lll* 

0.152 

0.011 

97.1 

0.027 

0.050 

0.086 

0.009 

lol+.l 

0.024 

0.532 

0.257 

0.011 

92.0 

0.030 

0.394 

0.237 

0.011 

90.3 

0.032 

0.297 

0.219 

0.010 

92.7 

0.030 

0.235 

0.206 

0.010 

96.1 

0.028 

Slope  = 0.002  ft/ft 

0.072 

0.103 

0.012 

80.1 

o.o4o 

0.126 

0.11+1 

0.012 

85.6 

0.035 

0.176 

0.169 

0.005 

175.3 

0.008 

0.251 

0.192 

0.009 

103.9 

0.024 

0.355 

0.213 

0.011 

88.3 

0.033 

0. 542 

0.21+0 

0.012 

83.9 

0.037 

0.1+80 

0.229 

0.011 

88.6 

0.033 

0.1+08 

0.221 

0.011 

86.8 

0.034 

0.350 

0.201+ 

0.010 

92.4 

0.030 

0.217 

0.181+ 

0,.  008 

115.5 

0.019 

0.192 

0.177 

0.006 

132.6 

0.015 

0.051+ 

0.083 

0.011 

84. 0 

0.037 

( Continued) 


* Computed  by  single-channel  method. 
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Table  A8  (Concluded) 


Discharge 

Depth 

Manning 

Chezy 

Darcy 

cfs 

ft 

n 

C 

f 

Slope  = 0.003  ft /ft 


0.068 

O.O89 

0.012 

77-5 

0.01+3 

0.101 

0.110 

0.012 

82.8 

0.038 

0.11+6 

0.138 

0.012 

83.8 

0.037 

0.025 

0.165 

0.012 

88.1+ 

0.033 

0.289 

0.190 

0.009 

103.6 

0.021+ 

0.1+11 

0.210 

0.011 

88.9 

0.033 

0.551+ 

0.227 

0.011 

86.1+ 

0.035 

0.1+82 

0.219 

0.011 

86.9 

0.031+ 

0.351+ 

0.201 

0.010 

9I+.I 

0.029 

0.251 

0.183 

0.008 

112.9 

0.020 

0.1T9 

0.153 

0.012 

87.I 

0.031+ 

0.052 

0.071+ 

0.012 

78.8 

0.01+1 

Table  *A9 

Meandering  Channel,  10- ft  Crossover,  Test  8 
Aspect  Ratio  = 4.091 


Discharge 

Depth 

Manning* 

Chezy* 

Darcy* 

cf  s 

ft 

n 

C 

f 

Slope  = 0.001  ft/ft 


0.066 

0.113 

0.011 

89.9 

0.032 

0.104 

0.147 

0.011 

93-5 

0.029 

0.147 

0.180 

0.007 

127.7 

0.016 

0.205 

0.201 

0.010 

94.4 

0.029 

0.290 

0.220 

0.011 

88.8 

0.033 

0. 4i3 

0.241 

0.011 

89.1 

0.032 

0.539 

0.258 

0.011 

92.0 

0.030 

0.478 

0.250 

0.011 

90.7 

0.031 

0.354 

0.231 

0.011 

89.4 

0.032 

0.252 

0.213 

0.011 

88.6 

0.033 

0.178 

0.194 

0.009 

98.5 

0.027 

0.049 

0.092 

0.010 

91.9 

0.031 

0.125 

0.160 

0.011 

98.1 

0.027 

Slope  = 0.002  ft/ft 

0.072 

0.101 

0.  012 

82.6 

0.038 

0.102 

0.124 

0.012 

84.9 

0.036 

0.146 

0.154 

0.  012 

86.1 

0.035 

0.203 

0.184 

0.008 

108.0 

0.022 

0.290 

0.205 

0.011 

85.8 

0.035 

0.413 

0.224 

0.012 

83.1 

0.037 

0.551 

0.242 

0.012 

82.8 

0.038 

0.479 

0.233 

0.012 

82.7 

0.038 

0.354 

0.216 

0.012 

82.8 

0.038 

0.251 

0.197 

0.010 

90.5 

0.031 

0.176 

0.171 

0.005 

158.6 

0.010 

0.048 

0.074 

0.010 

89.1 

0.032 

Slope  = 0.003  ft/ft 

0.072 

0.093 

0.013 

76.7 

0.044 

0.098 

0.110 

0.012 

80.3 

o.o4o 

0.147 

0.139 

0.012 

83.4 

0.037 

(Continued) 

* Computed  by  single-channel  method. 
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Table  A9  (Concluded) 

Discharge 

Depth 

Manning 

Chezy 

Darcy 

cfs 

ft 

n 

C 

f 

Slope 

= 0.003  ft /ft  (Continued) 

0.20k 

0.170 

0.005 

157.7 

0.010 

0.288 

0.194 

0.010 

92.0 

0.030 

0.410 

0.214 

0.012 

81.5 

0.039 

0.560 

0.232 

0.012 

80.3 

o.o4o 

0.491 

0.225 

0.012 

T9. 3 

0.041 

0.355 

0.206 

0.011 

83.9 

0.037 

0.251 

0.186 

0.009 

102.0 

0.025 

0.178 

0.158 

0.013 

82.3 

0.038 

0.049 

0.069 

0.011 

82.7 

0.038 

1 .1 1 W 


I 


r i 


( 
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Table  A10 

Meandering  Channel,  30-ft  Crossover,  Test  10 
Aspect  Ratio  = 4.091 


Discharge 

Depth 

Manning* 

Chezy* 

Darcy* 

cf  s 

ft 

n 

C 

f 

Slope  = 0.001  ft/ft 


0.067 

0.113 

0.011 

91.2 

0.031 

0.098 

0.138 

0.010 

97.4 

0.027 

0.144 

0.172 

0.005 

174.9 

0.008 

0.203 

0.198 

0.009 

100.9 

0.025 

0.288 

0.217 

0.010 

93.5 

0.029 

0.410 

0.238 

0.011 

92.6 

0.030 

0.522 

0.254 

0.011 

93.9 

0.029 

0.458 

0.245 

0.011 

93.2 

0.030 

0.354 

0.229 

0.011 

92.4 

0.030 

0.251 

0.210 

0.010 

94.0 

0.029 

0.178 

0.191 

0.008 

107.3 

0.022 

0.052 

0.091 

0.010 

99.2 

0.026 

Slope  = 0.002  ft/ft 

0.070 

0.097 

0.011 

85.5 

0.035 

0.103 

0.122 

0.011 

87.9 

0.033 

0.145 

0.149 

0.011 

90.2 

0.032 

0.204 

0.183 

0.008 

112.4 

0.020 

0.289 

0.202 

0.010 

91.9 

0.031 

0.409 

0.221 

0.011 

87.0 

0.034 

0.540 

0.238 

0.012 

86.2 

0.035 

0.457 

0.228 

0.011 

85.8 

0.035 

0.355 

0.213 

0.011 

88.3 

0.033 

0.250 

0.193 

0.009 

100.6 

0.025 

0.177 

0.169 

0.005 

176.3 

0.008 

0.050 

0.073 

0.010 

94.7 

0.029 

Slope  = 0.003  ft/ft 

0.068 

0.090 

0.013 

76.2 

0.044 

0.107 

0.117 

0.012 

79.6 

0.041 

0.144 

0.l4l 

0.013 

79.8 

0.040 

0.205 

0.172 

0.006 

143.8 

0.012 

(Continued) 

* Computed  by  single-channel  method. 
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Table  A10  (Concluded) 


Discharge 

Depth 

Manning 

Chezy 

Darcy 

cfs 

ft 

n 

C 

f 

Slope  = 

0.003  ft/ft 

(Continued) 

0.289 

0.195 

0.010 

89.8 

0.032 

0.410 

0.216 

0.012 

78.3 

0.042 

0.560 

0.233 

0.013 

79-0 

O.Ohl 

0.458 

0.222 

0.012 

78.1 

0.042 

0.353 

0.20? 

0.012 

81.5 

0.039 

0.252 

0.187 

0.009 

99.2 

0.026 

0.176 

0.158 

0.013 

81.4 

0.039 

0.049 

O.O69 

0.011 

82.7 

0.038 

i 


Table  All 

Meandering  Channel,  Three  10- ft  Crossovers » Test  11 
Aspect  Ratio  = 1+.Q91 


Discharge 

Depth 

Manning* 

Chezy* 

Darcy* 

cf  s 

ft 

n 

C 

f 

Slope  = 0.001  ft/ft 

0.070 

0.121 

0.012 

85.6 

0.035 

0.100 

0.11+9 

0.012 

87.9 

0.033 

0.1U8 

0.187 

0.009 

100.9 

0.025 

0.201* 

0.206 

0.011 

83.5 

0.037 

0.289 

0.223 

0.012 

83.8 

0.037 

0.1*11 

0.21+1+ 

0.012 

81*. 9 

0.036 

0.5l*l 

0.262 

0.012 

87.8 

0.033 

0.1+77 

0.253 

0.012 

86.9 

0.031* 

0.351+ 

0.235 

0.012 

83.8 

0.037 

0.21*8 

0.217 

0.012 

80.5 

0.01*0 

0.177 

0.200 

0.011 

83.6 

0.037 

Slope  = 0.002  ft/ft 

0.21+9 

O.I98 

0.010 

87.5 

0.031+ 

0.322 

0.212 

0.012 

81.7 

0.039 

0.1*31* 

0.228 

0.012 

81.5 

0.039 

0.501* 

0.237 

0.012 

81.7 

0.039 

0.177 

0.180 

0.008 

108.7 

0.022 

o.ii*i* 

0.157 

0.013 

82.1* 

0.038 

0.101 

0.128 

0.013 

79.9 

o.oUo 

0.201* 

0.191 

0.010 

87.0 

0. 031+ 

0.559 

0.21*1+ 

0.012 

81.6 

0.039 

Slope  = 0.003  ft/ft 

0.070 

0.093 

0.013 

7U.5 

0.0H6 

0.110 

0.120 

0.013 

78.7 

0.01*2 

0.11+1+ 

0.11+9 

0.01U 

73.1 

0.01*8 

0.201+ 

0.179 

0.008 

106.3 

0.023 

0.290 

0.200 

0.012 

79.1 

O.Ol+l 

(Continued) 

* Computed  by  single-channel  method. 
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Table  All  (Concluded) 


0.1+10 

0.556 

0.1+82 

0.351+ 

0.250 

0.177 


Slope  = 0.003  ft /ft  (Continued) 


0. 

0.231 

0. 

0.223 

0. 

0.208 

0. 

0.190 

0. 

0.162 

0. 

013 

76.8 

012 

81.0 

012 

80.7 

012 

80.0 

010 

89.6 

013 

78.6 

0.01+1+ 

0.039 

O.Ol+O 

O.Ol+O 

0.032 

O.Ql+2 


Table  A12 

etric  Channel  of  Larger  Scale,  Test  12 


Aspect  Ratio  = 2.636 


Table  A12  (Concluded) 


Discharge 

Depth 

Manning 

Chezy 

Darcy 

cfs 

ft 

n 

C 

f 

Slope  = 0.003  ft /ft 

i 

0.144 

0.104 

0.0103 

95.9 

0.028 

0.205 

0.132 

0.0108 

94.5 

0.029 

0.289 

0.158 

0.0104 

100.6 

0.025 

o.4io 

0.197 

0.0107 

100.7 

0.025 

0.578 

0.242 

0.0067 

139.7 

0.013 

1 

0.815 

0.269 

0.0084 

118.2 

0.018 

1.201 

0.209 

O.OO89 

116.1 

0.019 

1.011 

0.285 

0.0088 

115.7 

0.019 

0.701 

0.253 

0.0071 

134.7 

0.014 

0.^95 

0.221 

0.0108 

101.2 

0.025 

t 


Table  A13 

aetric  Channel  of  Larger  Scale  with  No.  8 Gravel  on  Floodplain 


Test  13 

Aspect  Ratio  = 2.63 6 


Discharge 


Manning* 


0.001  ft /ft 


0.0093 

0.0093 

0.0070 

113.4 

116.2 

137-8 

97-5 

94.9 

96.7 

96.0 

0.0106 

0.0113 

0.0115 

0.011U 

0.0111 

94.9 

0.0098 

103.6 

0.0090 

121.6 

0.0091 

112.2 

: 0.002  ft/ft 

m 

107.5 

0.0099 

110.2 

0.0087 

112.6 

0.0114 

91.1 

0.0126 

86.3 

0.0121 

88.0 

0.0106 

95.9 

0.0059 

158.0 

0.0098 

109.3 

• 0.003  ft/ft 

.0085 

0.0107 

0.0100 

.0061 

0.0101 

0.0121 

0.0113 

.0087 

0.0101 


118.9 
98.3 

107.1 
151.  4 

99-8 

87-9 

91.6 

112.0 

107.9 


* Computed  by  single-channel  method. 
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Table  AlU 


Meandering 

Channel. 

Two  10-ft  Crossovers  with 

Channel 

Separating 

■;  Floodplain,  Test  ll+ 

Aspect  Ratio  = 2.00 

Discharge 

Depth 

Manning* 

Chezy* 

Darcy* 

cfs 

ft 

n 

C 

f 

Slope  = 0. 001  ft/ft 


0.1*81 

0.277 

0.0103 

102.791+ 

0.021+ 

0.355 

0.252 

0.0103 

99.766 

0.026 

0.250 

0.227 

0. 0102 

97.689 

0.027 

0.179 

0.205 

0.0096 

100.216 

0.026 

0.200 

0.212 

0.0098 

98 . 966 

0.026 

0.292 

0.238 

J.C101+ 

97.875 

0.027 

0.1*13 

0.265 

0.0105 

100.088 

0.026 

0.550 

0.290 

O.OIOU 

103.605 

0.021+ 

0.098 

O.1U8 

0.0102 

100.008 

0.026 

0.11+5 

0.187 

0.0079 

117-605 

0.019 

0.126 

0.168 

0.0015 

171.723 

0.009 

0.069 

0.118 

0.0098 

101.172 

0.025 

Slope  = 0.002  ft/ft 

0.072 

0.100 

0.0100 

96.923 

0.027 

0.102 

0.132 

0.0111+ 

88.1*59 

0.033 

0.11*5 

0.156 

0. 0107 

96. 086 

0.028 

0.205 

0.189 

0.0083 

112.309 

0.020 

0.202 

0.216 

0.0103 

95.600 

0.028 

0.1+11 

0.21*0 

0.0107 

9I+.876 

0.029 

0.558 

0.261* 

0.0108 

96.671 

0.028 

0.1*80 

0.251 

0.0107 

95.531+ 

0.028 

0.351+ 

0.229 

0.0105 

95.016 

0.029 

0.252 

0.206 

0.0098 

97.960 

0.027 

0.181 

0.178 

0.0069 

129.928 

0.015 

0.125 

0.11+2 

0.0105 

96.1+22 

0.028 

Slope  = 0.003  ft/ft 

0.101 

0.111 

0.0101+ 

9l+ . 192 

0.029 

0.11+6 

0.11*2 

0.0110 

91.951* 

0.030 

0.203 

0.173 

0.0065 

136.899 

0.011+ 

0.291 

0.201 

0.0091* 

101 . 1*01+ 

0.025 

(Continued) 

* Computed  by  single-channel  method. 
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Table  All*  (Concluded) 


i 


Discharge 

cfs 

Depth 

ft 

Manning 

n 

Chezy 

C 

Darcy 

f 

Slope  = 

0.003  ft/ft 

(Continued) 

0.1*10 

0.227 

0.0108 

92.1*97 

0.030 

0.560 

0.251 

0.0112 

91.956 

0.030 

0.1*96 

0.21*0 

0.0109 

93.1*87 

0.029 

0.35** 

0.215 

0.0102 

96.192 

0.028 

0.250 

0.188 

0.0081 

111*.  1*00 

0.020 

0.178 

0.160 

0.0111 

92 . 1*29 

0.030 

0.125 

0.126 

0.0105 

95.338 

0.028 

I 

I 

: 


r 

L 

i - 


r 
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Table  A15 

Resistance  Coefficients  Computed  by  Separate-Channel  Method 


Symmetric  Floodplain.  Test  1 
Aspect  Ratio  = 4.091 


(Continued) 


Lscharge 

Depth 

Manning 

Chezy 

Darcy 

cfs 

ft 

n 

C 

f 

Slope  = 0.001  ft /ft 

0.060 

0.118 

9.0521 

0.0 

0.044 

0.079 

0.134 

0.0123 

82.2 

0.038 

0.102 

0.156 

0.0124 

83.4 

0.037 

0.125 

0.169 

0.0117 

89.2 

0.032 

0.144 

0.182 

0.0128 

79-6 

o.o4i 

0.l6l 

0.189 

0.0132 

77.0 

0.043 

0.177 

0.190 

0.0122 

83.0 

0.037 

0.204 

0.198 

0.0124 

81.7 

0.039 

0.079 

0.135 

0.0125 

81.3 

0.039 

0.118 

0.166 

0.0119 

87.3 

0.034 

0.189 

0.198 

0.0134 

75-7 

0.045 

0.230 

0.209 

0.0135 

75.2 

0.046 

0.253 

0.214 

0.0134 

75-9 

0.045 

0.290 

0.222 

0.0134 

76.4 

0.044 

0.354 

0.234 

0.0133 

78.0 

0.042 

0.388 

0.240 

0.0132 

78.7 

0.042 

0.291 

0.221 

0.0131 

77-9 

0.042 

0.228 

0.210 

0.0139 

73.3 

0.048 

0.207 

0.203 

0.0135 

75.4 

0.045 

0.179 

0.194 

0.0131 

77.5 

0.043 

0.l6l 

0.189 

0.0132 

77.0 

0.043 

0.143 

0.182 

0.0129 

79.0 

o.o4i 

0.125 

0.171 

0.0120 

86.1 

0.035 

0.102 

0.153 

0.0120 

86.0 

0.035 

0.069 

0.125 

0.0125 

80.2 

o.o4o 

0.051 

0.104 

0.0124 

79.1 

o.o4i 

Slope  = 0.002  ft /ft 

0.024 

0.052 

0.0116 

76.4 

0.044 

0.053 

0.097 

0.0150 

64.7 

0.061 

0.082 

0.122 

0.0143 

70.0 

0.053 

0.096 

0.111 

0.0104 

95.0 

0.029 

0.109 

0.144 

0.0143 

71.6 

0.050 

(Sheet  1 of  3) 
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Discharge 

cfs 


Depth 

ft 


Table  A15  (Continued) 


Manning 


Chezy 

C 


Slope  = 0.002  ft /ft  (Continued) 


Darcy 

f 


0.117 

0.134 

0.145 

0.154 

0.169 

0.196 

0.172 

0.180 

0.209 

0.212 

0.300 

0.345 

0.1+00 

0.1+70 

0.200 

0.210 
0.156 
0.102 
0.01+3 
0. 1+1+3 

0.535 

0.180 

0.331+ 

0.205 

0.250 

0.1+37 


0.073 

0.102 

0.126 

0.11+6 

0.178 

0.201+ 

0.229 

0.272 

0.31+0 

0.320 


0.150 

0.l6l 

0.166 

0.167 

0.177 

0.186 

0.181 

0.182 

0.189 

0.191+ 

0.208 

0.216 

0.226 

0.236 

0.197 

0.187 

0.176 

0.131+ 

0.087 

0.233 

0.21+2 

0.179 

0.211+ 

0.187 

0.197 

0.231 


0.102 

0.121+ 

0.138 

0.11+9 

0.167 

0.179 

0.185 

0.191+ 

0.206 

0.203 


0.011+3 

O.Oll+l 

0.0137 

0.0131 

o.oii+o 

0.011+1+ 

0.011+9 

0.011+5 

0.011+1+ 

0.0156 

0.011+1+ 

0.011+1+ 

0.011+7 

0.011+6 

0.0176 

0.0137 

0.011+9 

0.0135 

0.0151+ 

0.011+8 

O.Oll+O 

0.0137 

0.011+1+ 

O.Oll+l 

o.oi4o 

0.0145 

Slope  = 0.003  ft/ft 

0.0145 

0.0145 

0.0141 

0.0138 

0.0138 

0.0148 

0.0148 

0.0149 

0.0150 

0.0151 

(Continued) 


0.050 

0.048 

0.045 

0.040 

0.048 

0.052 

0.055 

0.052 

0.052 

0.06l 

0.052 

0.051 

0.052 

0.051 

0.077 

0.047 

0.054 

0.046 

0.067 

0.053 

0.046 

0.046 

0.051 

0.049 

0.049 

0.051 


0.057 

0.054 

0.049 

0.047 

0.045 

0.054 

0.055 

0.056 

0.056 

0.057 

(Sheet  2 of  3) 


Table  A15  (Concluded) 


Table  Al6 

Resistance  Coefficients  Computed  by  Separate-Channel  Method 


Symmetric  Floodplain,  Test  2 


Aspect  Ratio  = 4.091 


Depth 

ft 


Manning 

n 


Chezy 

C 


Slope  = 0.001  ft/ft 


0.503 

0 

0.1+56 

0 

0.353 

0 

0.270 

0 

0.229 

0 

0.192 

0 

0.169 

0 

0.153 

0 

0.134 

0 

0.0113 

0.0112 

0.0110 


0.012T 

0.0130 

0.0130 

0.0127 

0.0125 

0.0123 


0.0130 


0.0121 


0.0125 


.204 

0.18 

4 0.0128 

.250 

0.19 

8 0.0132 

.320 

0.21 

4 0.0133 

.435 

0.23 

6 0.0134 

(Continued) 

A31 

Table  Al6  (Concluded) 


Discharge 

Depth 

Manning 

Chezy 

Darcy 

cfs 

ft 

n 

C 

f 

Slope 

= 0.002  ft /ft  (Continued) 

0.543 

0.253 

0.0133 

80.5 

o.o4o 

0.1+88 

0.245 

0.0134 

79.3 

0.041 

0.383 

0.227 

0.0134 

77-9 

0.042 

0.289 

0.208 

0.0134 

77-0 

0.043 

0.228 

0.191 

0.0129 

79.8 

0.040 

0.191 

0.l8l 

0.0130 

79.3 

0.04l 

0.170 

0.170 

0.0123 

84.7 

0.036 

0.151* 

0.160 

0 . 0121 

85.5 

0.035 

0.136 

0.149 

0.0121 

84.6 

0.036 

0.113 

0.134 

0.0122 

83.2 

0.037 

0.051 

0.083 

0.0120 

79-3 

0.041 

Slope  = 0.003  ft /ft 

0.054 

0.079 

0.0127 

74.0 

0.047 

0.101 

0.115 

0.0128 

77.2 

0.043 

0.144 

0.142 

0.0129 

78.9 

0.041 

0.163 

0.151 

0.0127 

81.0 

0.039 

0.176 

0.158 

0.0127 

81.4 

0.039 

0.192 

0.166 

0.0127 

82.0 

0.038 

0.204 

0.172 

0.0129 

80.5 

o.o4o 

0.228 

0.181 

0.0134 

77-3 

0.043 

0.269 

0.193 

0.0139 

74.4 

0.047 

0.340 

0.207 

0.0138 

75-1 

0.046 

0.458 

0.230 

0.0144 

73.1 

0.048 

0.512 

0.236 

0.0139 

75-7 

0.045 

0.579 

0.243 

0.0135 

78.6 

0.042 

0.434 

0.224 

0.0139 

75.0 

0.046 

0.383 

0.211 

0.0130 

79-6 

0.04l 

0.303 

0.200 

0.0138 

74.7 

0.046 

0.250 

0.184 

0.0128 

80.5 

o.o4o 

0.248 

0.187 

0.0136 

75-9 

0.045 

0.194 

0.168 

0.0128 

81.3 

0.039 

0.123 

0.132 

0.0133 

75-7 

0.045 
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Table  A17 

Resistance  Coefficients  Computed  by  Separate-Channel  Method 
Symmetric  Floodplain,  Test  3 
Aspect  Ratio  =1 . 364 


Discharge 

cfs 


Depth 

ft 


Manning 


Chezy 

C 


0.072 

0.102 

0.126 

0.146 

0.178 

0.206 

0.252 

0.324 

0.408 

0.501 

0.458 

0.365 

0.286 

0.228 

0.176 

0.162 

0.132 

0.116 


Slope  = 0.001  ft/ft 

0.112  0.0099 

0.144  0.0108 

0.159  0.0104 

0.172  0.0104 

0.194  0.0116 

0.208  0.0120 

0.223  0.0119 

0.244  0.0117 

0.268  0.0119 

0.289  0.0117 

0.280  0.0118 

0.255  0.0117 

0.233  0.0118 

0.215  0.0119 

0.194  0.0117 

0.187  0.0115 

0.165  0.0105 

0.154  0.0107 

Slope  = 0.002  ft /ft 


99.4 

94.7 
99-9 

100.7 

90.8 

87.7 

89.8 
92.1 

92.5 
95.2 


0.102 

0.151 

0.164 

0.178 

0.192 

0.207 

0.230 

0.272 

0.341 

0.454 

0.454 

0.541 

0.490 

0.396 

0.306 


0.121 

0.152 

0.158 

0.166 

0.175 

0.182 

0.190 

0.204 

0.222 

0.251 

0.250 

0.266 

0.256 

0.235 

0.212 


0.0113 

0.0113 

0.0111 

0.0112 

0.0116 

0.0119 

0.0120 

0.0122 

0.0123 

0.0128 

0.0126 

0.0124 

0.0124 

0.0123 

0.0121 

(Continued) 
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Table  A17  ( Concluded ) 

Discharge 

Depth 

Manning 

Chezy 

Darcy 

* 

cfs 

ft 

n 

C 

f 

Slope 

= 0.002  ft/ft  (Continued) 

1 

0.2U8 

0.196 

0.0121 

87.1 

0.034 

0.216 

0.185 

0.0119 

88.1 

0.033 

0.198 

0.178 

0.0117 

88.9 

0.033 

0.185 

0.170 

0.0113 

92.6 

0.030 

0.152 

0.152 

0.0112 

91.6 

0.031 

Slope  = 0.003  ft/ft 

0.072 

0.087 

0.0112 

85.0 

0.036 

0.123 

0.123 

0.0118 

84.6 

0.036 

0.180 

0.154 

0.0119 

86.7 

0.034 

0.192 

0.159 

0.0118 

87.9 

0.033 

0.206 

0.165 

0.0117 

88.8 

0.033 

0.230 

0.176 

0.0120 

86.7 

0.034 

0.273 

0.191 

0.0125 

83.7 

0.037 

0.351* 

0.210 

0.0125 

84.9 

0.036 

0.1*57 

0.233 

0.0128 

84.1 

0.036 

0.540 

0.249 

0.0129 

84. 4 

0.036 

0.501 

0.242 

0.0129 

84.0 

0.037 

0.410 

0.224 

0.0128 

83.4 

0.037 

0.312 

0.202 

0.0127 

82.8 

0.038 

0.252 

0.183 

0.0121 

86.2 

0.035 

0.216 

0.171 

0.0120 

87.1 

0.034 

> • 

0.142 

0.133 

0.0117 

86.4 

0.035 

f. 

0.196 

0.l6l 

0.0118 

87.9 

0.033 

: 
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Table  Al8 


Resistance 

Coefficients  Computed  by  Separate-Channel  Method 

Asymmetric  Floodplain,  Test 
Aspect  Ratio  = 0.682 

_5 

Discharge 

Depth 

Manning 

Chezy 

Darcy 

cfs 

ft 

n 

C 

f 

Slope  = 0.001  ft /ft 

0.489 

0.300 

0.0111 

102.1 

0.025 

0.468 

0.294 

0.0111 

101.9 

0.025 

0.432 

0.285 

0.0112 

100.3 

0.026 

0.409 

0.278 

0.0112 

100.1 

0.026 

0.382 

0.270 

0.0112 

99-4 

0.026 

0.354 

0.261 

0.0112 

99-0 

0.026 

0.323 

0.251 

0.0112 

98.2 

0.027 

0.289 

0.239 

0.0112 

97-6 

0.027 

0.250 

0.225 

0.0112 

96.3 

0.028 

0.217 

0.211 

0.0111 

96.3 

0.028 

0.192 

0.199 

0.0110 

96.9 

0.027 

0.178 

0.192 

0.0109 

97.3 

0.027 

0.162 

0.182 

0.0106 

99-5 

0.026 

0.145 

0.171 

0.0103 

101.7 

0.025 

0.125 

0.158 

0.0103 

100.7 

0.026 

0.100 

0.139 

0.0104 

98.2 

0.027 

0.072 

0.114 

0.0102 

96.7 

0.028 

0.054 

0.093 

0.0097 

99.6 

0.026 

Slope  = 0.002  ft /ft 

0.072 

0.097 

0.0110 

88.0 

0.033 

0.102 

0.115 

0.0104 

95.5 

0.028 

0.144 

0.146 

0.0111 

92.5 

0.030 

0.169 

0.162 

0.0113 

91.9 

0.030 

0.190 

0.174 

0.0115 

90.9 

0.031 

0.205 

0.181 

0.0117 

90.1 

0.032 

0.219 

0.187 

0.0118 

89.7 

0.032 

0.228 

0.191 

0.0119 

89.1 

0.032 

0.252 

0.201 

0.0121 

88.0 

0.033 

0.288 

0.213 

0.0121 

88.5 

0.033 

0.323 

0.223 

0.0121 

89.7 

0.032 

0.367 

0.236 

0.0121 

90.1 

0.032 

0.409 

0.248 

0.0122 

90.2 

0.032 

0.457 

0.261 

0.0123 

90.3 

0.032 

0.503 

0.273 

0.0124 

90.4 

0.032 

(Continued) 

Table  A19 

Resistance  Coefficients  Computed  by  Separate-Channel  Method 
Asymmetric  Floodplain,  Test  6 
Aspect  Ratio  = 1.318 


Discharge 

cfs 


Depth 

ft 


Manning 


Chezy 

C 


Darcy 

f 


0.07^ 

0.127 

0.217 

0.282 

0.330 

0.374 

0.4l4 

0.453 

0.484 

0.502 

0.469 

0.433 

0.394 

0.351 

0.306. 

0.248 

0.179 

0.100 


Slope  = 0.001  ft /ft 

0.119  0.0107 
0.160  0.0104 
0.206  0.0111 
0.226  0.0109 
0.242  0.0112 

0.254  0.0112 
0.264  0.0112 
0.274  0.0112 
0.280  0.0111 
0.284  0.0111 

0.277  0.0111 
0.268  0.0111 
0.258  0.0111 
0.248  0.0112 
0.235  0.0112 

0.217  0.0112 
0.190  0.0109 
0.138  0.0102 


97.3 
98.2 

98.4 
100.0 
100.3 


0.030 

0.026 

0.028 

0.027 

0.028 

0.027 

0.027 

0.027 

0.026 

0.026 

0.026 

0.026 

0.026 

0.028 

0.028 

0.028 

0.028 

0.026 


Slope  = 0.002  ft /ft 


0.101 

0.170 

0.253 

0.306 

0.356 

0.395 

0.434 

0.466 

0.502 

0.482 

0.448 


0.120 

0.162 

0.193 

0.210 

0.223 

0.231 

0.241 

0.248 

0.257 

0.251 

0.243 


0.0113 

0.0112 

0.0113 

0.0117 

0.0118 

0.0117 

0.0119 

0.0119 

0.0122 

0.0119 

0.0118 


0.033 

0.030 

0.030 

0.032 

0.032 

0.031 

0.031 

0.031 

0.032 

0.031 

0.031 


(Continued) 
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Table  A19  (Concluded) 


Discharge 

cfs 


Depth 

ft 


Manning 

n 


Chezy 


Darcy 

f 


Slope  = 0.002  ft/ft  (Continued) 
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Table  A20 


Resistance 

Coefficients  Computed  by  Separate-Channel 

Method 

Asymmetric  Floodplain,  Test 
Aspect  Ratio  = 2.045 

_7 

Discharge 

Depth 

Manning 

Chezy 

Darcy 

cfs 

ft 

n 

C 

f 

Slope  = 0.001  ft /ft 

0.08l 

0.116 

0.0094 

105.8 

0.023 

0.l6l 

0.177 

0.0102 

102.4 

0.025 

0.251 

0.209 

0.0106 

98.5 

0.027 

0.322 

0.229 

0.0109 

97.4 

0.027 

0.383 

0.244 

0.0110 

97.3 

0.027 

0.435 

0.255 

0.0110 

98.2 

0.027 

0.1*82 

0.264 

0.0109 

99.4 

0.026 

0.505 

0.268 

0.0109 

100.1 

0.026 

0.1*57 

0.259 

0.0109 

99-0 

0.026 

0.1*08 

0.249 

0.0109 

98.1 

0.027 

0.351* 

0.237 

0.0109 

97-3 

0.027 

0.288 

O.219 

0.0106 

98.8 

0.026 

0.21U 

0.197 

0.0104 

99-9 

0.026 

0.120 

0.148 

0.0096 

106.7 

0.023 

Slope  = 0.002  ft /ft 

0.101 

0.116 

0.0106 

93.3 

0.030 

o.ii*i* 

0.139 

0.0102 

100.0 

0.026 

0.164 

0.151 

0.0103 

99.8 

0.026 

0.178 

0.159 

0.0104 

99.8 

0.026 

0.191 

0.166 

0.0104 

99.9 

0.026 

0.203 

0.171 

0.0104 

100.0 

0.026 

0.220 

0.175 

0.0102 

102.0 

0.025 

0.242 

0.183 

0.0105 

99-1 

0.026 

0.260 

0.187 

0.0104 

100.0 

0.026 

0.298 

0.198 

0.0107 

96.9 

0.027 

0.331 

0.206 

0.0109 

95.8 

0.028 

0.374 

0.215 

0.0110 

95.7 

0.028 

0.429 

0.226 

0.0111 

95.2 

0.028 

0.483 

0.235 

0.0110 

96.1 

0.028 
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APPENDIX  B:  VELOCITY  DATA 


»ANGE  38  1$  THE  CENTERLINE  OF  THE  CHANNEL. 
MAXIMUM  DE®TH  OF  FLOW  IN  THE  CHANNEL. 

DEPTH  OF  FLOW  AT  A GIVEN  PANGE. 

ELEVATION  JEPO  IS  THE  BOTTOM  BOUNDARY  AT  A PANGE. 
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PAMGE  3«  IS  TH E CENTEPLINE  OF  THE  CHANNEL 
MAXIMUM  DEPTH  OF  FLOW  IN  THE  CHANNEL. 
DEPTH  OF  FLOW  AT  A GIVEN  MANGE. 

ELEVATION  Z EPO  IS  THE  BOTTOM  BOVNDAPY  AT  t 
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MAXIMUM  PERTH  OF  FLOW  IN  THE  CHANNEL. 
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RANGE  3®  IS  THE  CENTERLINE  OF  THE  CHANNEL. 
HAXIHltl  DEPTH  OF  FLOW  IN  THE  CHANNEL. 

DEPTH  OF  FLOW  AT  A GIVEN  PANGE. 

ELEVATION  Z EPO  IS  THE  BOTTOM  B0"NDA  PT  AT  A PANGE. 
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DEPTH  OF  FLOW  AT  A GIVEN  RANGE. 

ELEVATION  EERO  IS  THE  BOTTOM  BOUNDARY  AT  A RANGE. 


MAXIMUM  DEPTH  OF  FLOW  IN  THE  CHANNEL. 

DEPTH  OF  FLOW  At  A GIVEN  PANGE. 

ELEVATION  ?EPO  IS  THE  BOTTOM  BO’NDAPY  AT  A PANGE. 


FYHNETPIC  FLOODPLAIN  symmetric  floodplain 

ASPECT  PATIO  2.636  ASPECT  PATIO  2.636 


MAXIMUM  DEPTH  Of  FLOW  IN  THE  CHANNEL. 
DEPTH  OF  FLOW  AT  A GIVEN  PANGE. 

ELEVATION  Z EPO  13  THE  BOTTOM  BOW  MPT  AT 


NAXIMW  DERI*  or  FLOV  in  thz  channel. 

DZPTH  or  FLOV  AT  A Cl  VDi  RANGE. 

ELEVATION  EERO  IS  THE  BOTTOM  BOW  DA  NT  AT  A DANCE. 


APPENDIX  C:  NOTATION 
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Curve-fitting  coefficient 

2 

Flow  cross-sectional  area,  ft 

2 

Cross-sectional  area  of  main  channel,  ft 

2 

Cross-sectional  area  of  floodplain,  ft 
Curve-fitting  coefficient 
Chezy  resistance  coefficient 
Corrected  Chezy  resistance  coefficient 
Main  channel  hank- full  depth,  ft 
Darcy  resistance  coefficient 
Acceleration  due  to  gravity 

Nikuradse  equivalent  sand  grain  roughness,  ft 
Manning  resistance  coefficient 

Manning  resistance  coefficient  at  bank-full  stage 

Manning  resistance  coefficient  for  main  channel 

Manning  resistance  coefficient  for  floodplain 

Discharge,  cfs 

Hydraulic  radius,  ft 

Hydraulic  radius  of  main  channel,  ft 

Reynolds  number 

Corrected  hydraulic  radius,  ft 

Hydraulic  radius  of  floodplain,  ft 

Friction  slope,  ft/ft 

Average  vertical  velocity,  fps 

Discharge/cross-sectional  area,  fps 

Width  of  main  channel,  ft 

Width  of  floodplain,  ft 

Flow  depth,  measured  from  bottom  channel  to  water  surface,  ft 
Maximum  flow  depth,  ft 

Aspect  raftio,  ratio  of  floodplain  width  to  channel  width 
Kinematic  viscosity  (ft  /sec) 

Correction  factor 
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